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1. PURPOSE. This advisory circular provides guidance to the public for the design and evaluation of pavements at
civil airports.

2. CANCELLATION. AC 150/5320-6C, Airport Pavement Design and Evaluation, dated December 7, 1978, is
canceled.

3. APPLICATION. The guidelines contained herein are recommended by the Federal Aviation Administration for
applications at airports as appropriate.

4. RELATED READING MATERIAL. The publications listed in Appendix 4 provide further guidance and detailed
information on the design and evaluation of airport pavements.

5. METRIC UNITS. To promote an orderly transition to metric units, this advisory circular includes both English and
metric dimensions. The metric conversions may not be the exact equivalents, and until an official changeover to metric
units is effected, the English dimensions will be used.
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FOREWORD

This advisory circular is intended to provide guidance on the structural design and evaluation of airport pavements.

Although aircraft landing gears are involved in airport pavement design and evaluation, this circular is not intended to
dictate any facet of landing gear design. In 1958, the FAA adopted a policy of limiting maximum Federal
participation in airport pavements to a pavement section designed to serve a 350,000-pound (159 000 kg) aircraft with
a DC-8-50 series landing gear configuration. In addition, the intent of the policy was to insure that future aircraft were
equipped with landing gears which would not stress Pavements more than the referenced 350,000-pound (159 000 kg)
aircraft.

Aircraft manufacturers have accepted and followed the 1958 policy and have designed aircraft landing gear which
conform to the policy even though aircraft gross weights have substantially exceeded 350,000 pounds (159 000 kg).
This has been accomplished by increasing the number and spacing of landing gear wheels. This circular does not
affect the 1958 policy with regard to landing gear design.

The pavement design guidance presented in Chapter 3 of this circular is based on methods of analysis which have
resulted from experience and recent research. The change in methods was adopted to exploit these advances in
pavement technology and thus provides better performing pavements and easier-to-use design curves. Generally
speaking, the new design guidance will require somewhat thicker pavement sections than were required in the past. -

The pavement evaluation portion of this circular is presented in Chapter 6 and is related back to the previous FAA
method of design to insure continuity. An aircraft operator could be penalized unfairly if an existing facility were
evaluated using a method different from that employed in the original design. A slight change in pavement thickness
can have a dramatic effect on the payload or range of an aircraft. Since the new pavement design methodology
generally requires slightly greater pavement thicknesses, an evaluation of an existing pavement using the new
methodology would likely reduce allowable loads and penalize operators. To avoid this situation the evaluation
should be based on the same methodology as was used for design.

ix
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CHAPTER 1.
AIRPORT PAVEMENTS - THEIR FUNCTION AND PURPOSES

100. GENERAL. Airport pavements are constructed to provide adequate support for the loads imposed by aircraft
using an airport and to produce a firm, stable, smooth, all-year, all-weather surface free from dust or other particles that
may be blown or picked up by propeller wash or jet blast. In order to satisfactorily fulfill these requirements, the
pavement must be of such quality and thickness that it will not fail under the load imposed. In addition, it must possess
sufficient inherent stability to withstand, without damage, the abrasive action of traffic, adverse weather conditions, and
other deteriorating influences. To produce such pavements requires a coordination of many factors of design,
construction, and inspection to assure the best possible combination of available materials and a high standard of
workmanship.

a. Types of Pavement. Pavements discussed in this circular are flexible, rigid, hot mix asphalt overlays,
and rigid overlays. Various combinations of pavement types and stabilized layers can result in complex pavements
which would be classified in between flexible and rigid. The design and evaluation guidance in this circular can be
adapted to any pavement type.

b. Economic Analysis and Design Selection. When properly designed and constructed, any pavement
type (rigid, flexible, composite, etc.) can provide a satisfactory pavement for any civil aircraft. However, some designs
may be more economical than others and still provide satisfactory performance. The engineer is required to provide a
rationale for the selected design in the engineer's report (see AC 150/5300-9). Often this rationale will be based on
economic factors derived from evaluating several design alternatives. Life-cycle cost analysis should be used if the
design selection is based on least cost. An example of a life-cycle cost analysis of alternatives for pavement rehabilitation
is shown in Appendix 1. More details on life-cycle cost analysis can be found in research report DOT/FAA/RD-81/78
(see Appendix 4). Many new developments in construction have evolved in recent times which can significantly affect
pavement costs, such as, recycling. In instances where no clear cost advantage can be established in the design process,
alternate bids should be taken. Design selection is not always controlled by economic factors. Operational constraints,
funding limitations, future expansion, etc., can override economic factors in the design selection. These considerations
should be addressed in the engineer's report.

C. Pavement Courses.

1 Surface. Surface courses include portland cement concrete, hot mix asphalt, sand-bituminous
mixture, and sprayed bituminous surface treatments.

2 Base. Base courses consist of a variety of different materials which generally fall into two
main classes, treated and untreated. The untreated bases consist of crushed or uncrushed aggregates. The treated bases
normally consist of a crushed or uncrushed aggregate that has been mixed with a stabilizer such as cement, bitumen, etc.

(©) Subbase. Subbase courses consist of a granular material, a stabilized granular material, or a
stabilized soil.

@) Geotextile. Geotextiles are permeable, flexible, textile materials sometimes used to provide
separation between pavement aggregate and the underlying subgrade. Geotextile needs and requirements within a
pavement section are dependent upon subgrade soil and groundwater conditions and on the type of overlying pavement

aggregate.

101. SPECIFICATIONS AND STANDARDS.

a. Specifications. Reference is made by Item Number throughout the text to construction material
specifications contained in AC 150/5370-10, Standards for Specifying Construction of Airports.

b. Geometric Standards. Geometric standards concerning pavement lengths, widths, grades, and slopes
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are presented in advisory circulars listed in Appendix 4.

102.  SPECIAL CONSIDERATIONS. Airport pavements should provide a surface which is not slippery and will
provide good traction during any weather conditions. AC 150/5320-12, Measurement, Construction and Maintenance of
Skid Resistant Airport Pavement Surfaces, presents information on skid resistant surfaces.

103.  STAGE CONSTRUCTION OF AIRPORT PAVEMENTS. In some instances it may be necessary to
construct the airport pavement in stages; that is, to build up the pavement profile, layer by layer, as the traffic using the
facility increases in weight and number. Lateral staging, i.e., planning for future widening of pavements is sometimes
advantageous to accommodate larger aircraft. If stage construction is to be undertaken, the need for sound planning
cannot be overemphasized. The complete pavement should be designed prior to the start of any stage, and each stage
must provide an operational surface. The planning of a stage constructed pavement should recognize a number of
considerations.

a. Economics. Careful economic studies are required to determine if staged construction is warranted.
Construction materials and labor costs follow inflationary trends and can be expected to increased as later stages are
constructed. The costs and time involved in any pavement shutdown or diversion of traffic necessitated by the
construction of any stage should be considered. The costs of mobilizing construction equipment several times should be
compared with mobilizing once. The costs of maintaining an intermediate stage should be considered.

b. Adequacy of Each Stage. Each stage should be designed to adequately accommodate the traffic
which will use the pavement until the next stage is constructed.

c. Drainage. The underlying layers and drainage facilities of a stage constructed pavement should be
built to the standards required for the final cross section. Providing the proper foundation and drainage facilities in the
first stage is mandatory as the underlying layers will not be readily accessible for upgrading in the future.

d. Communication. All parties concerned and, insofar as practicable, the general public should be
informed that staged construction is planned. Staged construction sometimes draws unjust criticism when relatively new
facilities are upgraded for the next stage.
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CHAPTER 2. SOIL INVESTIGATIONS AND EVALUATION

200. GENERAL. The importance of accurate identification and evaluation of pavement foundations cannot be
overemphasized. Although it is impossible to explore the entire field of soil mechanics in a publication such as this, the
following text will highlight those aspects which are particularly important to the airport paving engineer.

a. Classification System. The Unified Soil Classification (USC) system should be used in engineering
matters concerning civil airport pavements. To avoid misunderstanding, certain terms employed are defined below:

0)) Definition. For engineering purposes, and particularly as it applies to airports, soil includes
all natural deposits which can be moved with earth moving equipment, without requiring blasting under unfrozen
conditions. Harder materials are considered to be rock.

2) Conditions and Properties. Soil conditions include such items as the elevation of the water
table, the presence of water bearing strata, and the field propertles of the soil. Field properties of the soil include the
soil's density, moisture content, and frost penetration.

A3 Profile. The soil profile is the vertical arrangement of layers of soils, each of which possesses
different physical properties from the adjacent layer.

@) Subgrade. Subgrade soil is that soil which forms the foundation for the pavement. It is the
soil directly beneath the pavement structure.

b. Costs. Soil conditions and the local prices of suitable construction materials are important items
affecting the cost of construction of airport pavements. Earthwork and grading costs are directly related to the difficulty
with which excavation can be accomplished and compaction obtained.

c. Subgrade Support. It should be remembered that the subgrade soil ultimately provides support for
the pavement and the imposed loads. The pavement serves to distribute the imposed load to the subgrade over an area
greater than that of the tire contact area. The greater the thickness of pavement, the greater is the area over which the
load on the subgrade is distributed. It follows, therefore, that the more unstable the subgrade soil, the greater is the
required area of load distribution and consequently the greater is the required thickness of pavement. The soils having
the best engineering characteristics encountered in the grading and excavating operations should be incorporated in the
upper layers of the subgrade by selective grading if economically feasible.

d. Drainage. In addition to the relationship which soil conditions bear to grading and paving operations,
they determine the necessity for underdrains and materially influence the amount of surface runoff. Thus, they have a
resulting effect on the size and extent of other drainage structures and facilities. (See FAA publication, AC 150/5320-5,
Airport Drainage.)

201.  SOIL INVESTIGATIONS.

a. Distribution and Properties. To provide essential information on the various types of soils,
investigations should be made to determine their distribution and physical properties. This information combined with
data on site topography and area climatic records, provides basic planning material essential to the logical and effective

development of the airport. An investigation of soil conditions at an airport site will include:

1 Survey. A soil survey to determine the arrangement of different layers of the soil profile with
relatlon to the proposed subgrade elevation.

) Sampling. Collection of representative samples of the layers of soil.

A3 Testing. Testing of samples to determine the physical properties of the various soil materials
with respect to in-place density and subgrade support.
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@) Availability. A survey to determine the availability of materials for use in construction of the
subgrade and pavement.

b. Procedures. With respect to sampling and surveying procedures and techniques, ASTM D 420,
Investigating and Sampling Soils and Rock for Engineering Purposes, is one of the most frequently used. This method is
based entirely on the soil profile. In the field, ASTM D 2488, Description of Soils (Visual-Manual Procedures) is
commonly used to identify soils by such characteristics as color, texture, structure, consistency, compactness,
cementation, and to varying degrees, chemical composition.

(0] Maps. The use of Department of Agriculture soils maps, United States Geodetic Survey
(USGS) geologic maps, and USGS engineering geology maps can prove valuable aids in the study of soils at and in the
vicinity of the airport. Although the pedological classification, determined from these maps, does not treat soil as an
engineering or construction material, data so obtained are extremely useful to the agronomist in connection with the
development of turf areas on airports and to the engineer concerned with preliminary investigations of site selection,
development costs, and alignment.

2) Aerial Photography. The practice of determining data on soils by use of aerial photographs
is established and commonly acceptable. Relief, drainage, and soil patterns may be determined from the photographs,
and an experienced photo interpreter can define differences in characteristics of soils. By employing this method of
investigation, it is possible to expedite soil studies and reduce the amount of effort required to gather data.

202. SURVEYING AND SAMPLING.

a. Soil Borings. The initial step in an investigation of soil conditions is a soil survey to determine the
quantity and extent of the different types of soil, the arrangement of soil layers, and the depth of any subsurface water.
These profile borings are usually obtained with a soil auger or similar device. Washed borings are not recommended due
to inaccuracies of depth determinations. The intent of the borings is to determine the soil or rock profile and its lateral
extent. Inasmuch as each location presents its particular problems and variations, the spacing of borings cannot always be
definitely specified by rule or preconceived plan. Suggested criteria for the location, depth, and number of borings are
given in Table 2-1. Wide variations in these criteria can be expected due to local conditions.

TABLE 2-1. RECOMMENDED SOIL BORING SPACINGS AND DEPTHS

AREA SPACING DEPTH
Runways and Taxiways Random across pavement at 200 Cut Areas - 10' (3.5 m) Below
foot (68 m) intervals Finished Grade
Fill Areas - 10' (3.5 m) Below
Existing Ground'
Other Areas of Pavement 1 Boring per 10,000 Square Feet Cut Areas - 10' (3.5 m) Below
(930 sq m) of Area Finished Grade
Fill Areas - 10' (3.5 m) Below
Existing Ground'
Borrow Areas Sufficient Tests to Clearly Define To Depth of Borrow Excavation

the Borrow Material
'For deep fills, boring depths shall be sufficient to determine the extent of consolidation and/or slippage the fill
may cause.

b. Number of Borings, Locations, and Depths. Obviously, the locations, depths, and numbers of
borings must be such that all important soil variations can be determined and mapped. Whenever past experience at the
location in question has indicated that settlement or stability in deep fill areas may be a problem or, if in the opinion of
the engineer, additional investigations are, warranted, more or deeper borings may be required in order that the proper
design, location, and construction procedures may be determined. Conversely, where uniform soil conditions are
encountered, fewer borings may be acceptable.
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c. Boring Log. A graphic log of soil conditions can be of great value in assessing subgrade conditions.
It is recommended that the graphic log be developed which summarizes the results of the soil explorations. A typical
graphic log is included as Figure 2-1. The graphic log should include:

1) Location

2) Date Performed

A3) Type of exploration

©)] Surface elevation

) Depth of materials

(6) Sample identification numbers
(@) Classification

8) Water table

d. Soil Survey Areas. The soil survey is not confined to soils encountered in grading or necessarily to
the area within the boundaries of the airport site. Possible sources of locally available material that may be used as
borrow areas or aggregate sources should be investigated.

e. Undisturbed Samples. Samples representative of the different layers of the various soils encountered
and various construction material discovered should be obtained and tested in the laboratory to determine their physical
and engineering properties. In-situ properties such as in-place density, shear strength, consolidation characteristics, etc.
may necessitate obtaining "undisturbed" core samples. ASTM D 1587, Thin Walled Tube Sampling of Soils, describes a
method of obtaining "undisturbed” soil samples. Because the results of a test can only be as good as the sampling, it is of
utmost importance that each sample be representative of a particular type of soil material and not be a careless and
indiscriminate mixture of several materials.

N 8 Inplace Testing. Pits, open cuts, or both may be required for making inplace bearing tests, for the
taking of undisturbed samples, for charting variable soil strata, etc. This type of supplemental soil investigation is
recommended for situations which warrant a high degree of accuracy or when in situ conditions are complex and require
extensive investigation.

203. SOIL TESTS.

a. Physical Soil Properties. To determine the physical properties of a soil and to provide an estimate of
its behavior under various conditions, it is necessary to conduct certain soil tests. A number of field and laboratory tests
have been developed and standardized. Detailed methods of performing soil tests are completely covered in publications
of the American Society for Testing and Materials (ASTM).

b. Testing Requirements. Soil tests are usually identified by terms indicating the soil characteristics
which the tests will reveal. Terms which identify the tests considered to be the minimum or basic requirement for airport
pavement, with their ASTM designations and brief explanations, follow:
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4)) Dry Preparation of Soil Samples for Particle-Size Analysis and Determination of Soil
Constants (ASTM D 421) or Wet Preparation of Soil Samples for Grain-Size Analysis and Determination of Soil
Constants (ASTM D 2217). The dry method (D-421) should be used only for clean, cohesionless granular materials.
The wet method (D-2217) should be used for all cohesive or borderline materials. In case of doubt, the wet method
should be used.

) Particle-Size Analysis of Soils (ASTM C 422). This analysis provides a quantitative
determination of the distribution of particle sizes in soils.

3) Liquid Limit, Plastic Limit and Plasticity Index of Soils (ASTM D 4318). The plastic and
liquid limits of soil define in a standard manner the lowest moisture contents at which a soil will change from a semi-
solid to a plastic state and at which a solid passes from a plastic to a liquid state, respectively. The plasticity index is the
numerical difference between the plastic limit and the liquid limit. It indicates the range in moisture content over which
a soil remains in a plastic state prior to changing into a liquid. The plastic limit, liquid limit and plasticity index of soils
are used in engineering classification in accordance with the Unified Soil Classification System (ASTM D 2487). In
conjunction with particle size analysis, natural moisture content and other soil properties or conditions, the limits may be
used to estimate engineering properties or behavior of soils such as shrink/swell potential, consolidation characteristics,
construction/stabilization characteristics, permeability, and strength characteristics.

@ Moisture-Density Relations of Soils (ASTM D 698, D 1557). For purposes of compaction
control during construction, tests to determine the moisture-density relations of the different types of soils should be
performed.

@) Heavy Load Pavements. For pavements designed to serve aircraft weighing 30,000
pounds (13 000 kg) or more, use ASTM Method D 1557.

(ii) Light Load Pavements. For pavements designed to serve aircraft weighing less
than 30,000 pounds (13 000 kg), use ASTM Method D 698.

*) Bearing Ratio of Laboratory-Compacted Soils (ASTM D 1883). This test is used to
assign a California Bearing Ratio (CBR) value to subgrade soils for use in the design of flexible pavements.

©6) Modulus of Soil Reaction (AASHTO T 222). This test is used to determine the modulus of
soil reaction, K, for use in the design of rigid pavements.

c. Supplemental Tests. In many cases additional soil tests will be required over those listed in
paragraph 203b above. It is not possible to cover all the additional tests which may be required; however, a few
examples are presented below. This list should not be considered all inclusive.

1) Shrinkage Factors of Soils (ASTM D 427). This test may be required in areas where
swelling soils might be encountered.

) Permeability of Granular Soils (ASTM D 2434). This test may be needed to assist in the
design of subsurface drainage.

3) Determination of Organic Material in Soils by Wet Combustion (AASHTO T-194). This
test may be needed in areas where deep pockets of organic material are encountered or suspected.

@) California Bearing Ratio, Field In-place Tests (Mil-Std 621, Method 101). Field bearing
tests can be performed when the in site conditions satisfy density and moisture conditions which will exist under the
pavement being designed. The method is also described in Manual Series No. 10, Soils Manual, The Asphalt Institute,
College Park, MD.
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204.  UNIFIED SOIL CLASSIFICATION SYSTEM.

a. Purpose. The standard method of classifying soils for engineering purposes is ASTM D 2487,
commonly called the Unified system. The primary purpose in determining the soil classification is to enable the engineer
to predict probable field behavior of soils. The soil constants in themselves also provide some guidance on which to
base performance predictions. The Unified system classifies soils first on the basis of grain size, then further subgroups
soils on the plasticity constants. Table 2-2 presents the classification of soils by the Unified system.

b. Initial Division. As indicated in Table 2-2, the initial division of soils is based on the separation of
coarse-and fine-grained soils and highly organic soils. The distinction between coarse and fine grained is determined by
the amount of material retained on the No. 200 sieve. Coarse-grained soils are further subdivided into gravels and sands
on the basis of the amount of material retained on the No. 4 sieve. Gravels and sands are then classed according to
whether or not fine material is present. Fine-grained soils are subdivided into two groups on the basis of liquid limit. A
separate division of highly organic soils is established for materials which are not generally suitable for construction
purposes.

TABLE 2-2. CLASSIFICATION OF SOILS FOR AIRPORT PAVEMENT APPLICATIONS

MAIJOR DIVISIONS GROUP SYMBOLS
Coarse-grained Soils more Gravels 50% or more of coarse fraction Clean GW
than 50% retained on No. retained on No. 4 sieve Gravels GP
200 sieve!
Gravels with GM
Fines GC
Sands less than 50% of coarse fraction retained | Clean Sw
on No. 4 sieve Sands SP
Sands with SM
Fines SC
Fine-grained Soils 50% or Silts and Clays Liquid Limit 50% or less ML
less retained on No. 200 CL
sieve! OL
Silts and Clays Liquid Limit Greater than 50% MH
' CH
OH
_Highly Organic Soils PT

'Based on the material passing the 3-in (75-mm) sieve.

c. Soil Groups. Soils are further subdivided into 15 different groupings. The group symbols and a brief
description of each is given below:

(1) . GW  Well-graded gravels and gravel-sand mii(tures, little or no fines.
2) GP Poorly graded gravels and gravel-sand mixtures, little or no fines.
A3 GM Silty gravels, gravel-sand-silt mixtures,

“@ GC Clayey gravels, gravel-sand-clay mixtures.

5 Sw Well-graded sands and gravelly sands, little or no fines.

6) SP Poorly graded sands and gravelly sands, little or no fines.

@) SM Silty sands, sand-silt mixtures.

® SC Clayey sands, sand-clay mixtures.

&) ML Inorganic silts, very fine sands, rock flour, silty or clayey fine sands.

10) CL Inorganic clays of low to medium plasticity, gravelly clays, silty clays, lean clays.
(11) OL Organic silts and organic silty clays of low plasticity.

(12) MH Inorganic silts, micaceous or diatomaceous fine sands or silts, plastic silts.
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(13) CH Inorganic clays or high plasticity, fat clays.
(14) OH Organic clays of medium to high plasticity.
a1s) PT Peat, muck and other highly organic soils.

d. Final Classification. Determination of the final classification group requires other criteria in addition
to that given in Table 2-2. These additional criteria are presented in Figure 2-2 and have application to both coarse and
fine grained soils.

e. Flow Chart. A flow chart which outlines the soil classification process has been developed and is
included as Figure 2-3. This flow chart indicates the steps necessary to classify soils in accordance with ASTM D 2487.

f. Field Identification. ASTM D 2488, Description of Soils (Visual-Manual Procedure), presents a
simple, rapid method of field identification of soils. This procedure provides techniques for classifying soils rather
accurately with a minimum of time and equipment.

g Characteristics as Pavement Foundations. A table of pertinent characteristics of soils used for
pavement foundations is presented in Table 2-3. These characteristics are to be considered as approximate, and the
values listed are generalizations which should not be used in lieu of testing.

205. EXAMPLES. The following examples illustrate the classification of soils by the Unified system. The
classification process progresses through the flow chart shown i Figure 2-3.

a. Example 1. Assume a soil sample has the following properties and is to be classified in accordance
with the Unified system.
1) Fines. Percent passing No. 200 sieve = 98%.

2 Liquid Limit.  Liquid limit on minus 40 material 30%.

3) Plastic Limit.  Plastic limit on minus 40 material 10%.

) Plasticity Chart. Above "A" line, see Figure 2-2. The soil would be classified as CL, lean
clay of low to medium plasticity. Table 2-3 indicates the material would be of fair to poor value as a foundation when

not subject to frost action. The potential for frost action is medium to high.

b. Example 2. Assume a soil sample with the following properties is to be classified by the Unified
system.

6)) Fines. Percent passing No. 200 sieve = 48%.
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FIGURE 2-2 SOIL CLASSIFICATION CRITERIA
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2) Gravel. Percent of coarse fraction retained on No. 4 sieve = 70%.
A3 Liquid Limit. Liquid limit on minus 40 fraction = 60%.

(€)] Plastic Limit. Plastic limit on minus 40 fraction = 20%.

Q) Plasticity Index. Compute Plasticity Index LL-PL = 40%.

©6) Plasticity Chart. Above "A" line, see Figure 2-2.

(@) Classification. This sample is classified as GC, clayey gravel. Table 2-3 indicates the
material is good for use as a pavement foundation when not subject to frost action. The potential for frost action is slight
to medium.

206. SOIL STRENGTH TESTS. Soil classification for engineering purposes provides an indication of the
probable behavior of the soil as a pavement subgrade. This indication of behavior is, however, approximate.
Performance different from that expected can occur due to a variety of reasons such as degree of compaction, degree of
saturation, height of overburden, etc. The possibility of incorrectly predicting subgrade behavior can be largely
eliminated by measuring soil strength. The strength of materials intended for use in flexible pavement structures is
measured by the California Bearing Ratio (CBR) tests. Materials intended for use in rigid pavement structures are tested
by the plate bearing method of test. Each of these tests is discussed in greater detail in the subsequent paragraphs.

a. California Bearing Ratio. The CBR test is basically a penetration test conducted at a uniform rate of
strain. The force required to produce a given penetration in the material under test is compared to the force required to
produce the same penetration in a standard crushed limestone. The result is expressed as a ratio of the two forces. Thus
a material with a CBR value of 15 means the material in question offers 15% of the resistance to penetration that the
standard crushed stone offers. Laboratory CBR tests should be performed in accordance with ASTM D 1883, Bearing
Ratio of Laboratory-Compacted Soils. Field CBR tests should be conducted in accordance with the ASTM D 4429,
Standard Test Method for Bearing Ratio of Soils in Place.

a Laboratory. Laboratory CBR tests are conducted on materials which have been obtained
from the site and remolded to the density which will be obtained during construction. Specimens are soaked for 4 days
to allow the material to reach saturation. A saturated CBR test is used to simulate the conditions likely to occur in a
pavement which has been in service for some time. Pavement foundations tend to reach nearly complete saturation after
about 3 years. Seasonal moisture changes also dictate the use of a saturated CBR design value since traffic must be
supported during periods of high moisture such as spring seasons.

2) Field. Field CBR tests can provide valuable information on foundations which have been in
place for several years. The materials should have been in place for a sufficient time to allow for the moisture to reach
an equilibrium condition. An example of this condition is a fill which has been constructed and surcharged for a long
period of time prior to pavement construction.

©) Gravelly Materials. CBR tests on gravelly materials are difficult to interpret. Laboratory
CBR tests on gravel often yield CBR results which are too high due to the confining effects of the mold. The assignment
of CBR values to gravelly subgrade materials may be based on judgment and experience. The information given in
Table 2-3 may provide helpful guidance in selecting a design CBR value for a gravelly soil. Table 2-3 should not,
however be used indiscriminately as a sole source of data. It is recommended that the maximum CBR for unstabilized
gravel subgrade be 50.

6] Number of Tests. The number of CBR tests needed to properly establish a design value
cannot be simply stated. Variability of the soil conditions encountered at the site will have the greatest influence on the
number of tests needed. As an approximate "rule of thumb" three CBR tests on each different major soil type should be
considered. The preliminary soil survey will reveal how many different soil types will be encountered. The design CBR
value should be conservatively selected. Common paving engineering practice is to select a value which is one standard
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deviation below the mean. As a rule, a design CBR value of 3 the lowest practical value which should be assigned. In
instances where the subgrade strength is lower than CBR = 3, the subgrade should be improved through stabilization or
other means to raise the design CBR value.

) Lime Rock Ratio. Some areas of the country use the lime rock ratio, LBR, to express soil
strength. To convert LBR to CBR, multiply LBR by 0.8.

b. Plate Bearing Test. As the name indicates, the plate bearing test measures the bearing capacity of the
pavement foundation. The result, k value, can be envisioned as the pressure required to produce a unit deflection of the
pavement foundation. The plate bearing test result, k value, has the units of pounds per cubic inch (Mega-Newtons per
cubic meter). Plate bearing tests should be performed in accordance with the procedures contained in AASHTO T 222.

(03] Sensitivity. Rigid pavement design is not too sensitive to the k value. An error in
establishing a k value will not have a drastic impact on the design thickness of the rigid pavement. Plate bearing tests
must be conducted in the field and are best performed on test sections which are constructed to the design compaction
and moisture conditions. A correction to the k value for saturation is required to simulate the moisture conditions likely
to be encountered by the in-service pavement.

) Number of Tests. Plate bearing tests are relatively expensive to perform and thus the number
of tests which can be conducted to establish a design value is limited. Generally only 2 or 3 tests can be performed for
each pavement feature. The design k value should be conservatively selected.

€)) Plate Size. The rigid pavement design and evaluation curves presented in this circular are
based on a k value determined by a static plate load test using a 30-inch (762 mm) diameter plate. Use of a plate of
smaller diameter will result in a higher k value than is represented in the design and evaluation curves.

“) Subbase Effects. It is recommended that plate bearing tests be conducted on the subgrade
and the results adjusted to account for the effect of subbase. Figure 2-4 shows the increase in k value for various
thicknesses of subbase over a given subgrade k. Plate bearing tests conducted on top of subbase courses can sometimes
yield erroneous results since the depth of influence beneath a 30" inch (762 mm) bearing plate is not as great as the depth
of influence beneath a slab loaded with an aircraft landing gear assembly. In this instance a subbase layer can influence
the response of a bearing plate more than the response of a loaded pavement.

5) Stabilized Subbase. The determination of k value for stabilized layers is a difficult problem.
The k value normally has to be estimated. It is recommended that the k value be estimated as follows. The thickness of
the stabilized layer should be multiplied by a factor ranging from 1.2 to 1.6 to determine the equivalent thickness of
well-graded crushed aggregate. The actual value in the 1.2 - 1.6 range should be based on the quality of the stabilized
layer and the thickness of the slab relative to the thickness of the stabilized layer. High quality materials which are
stabilized with high percentages of stabilizers should be assigned an equivalency factor which is higher than a lower
quality stabilized material. For a given rigid pavement thickness, a thicker stabilized layer will influence pavement
performance more than a thin stabilized layer and should thus be assigned a higher equivalency factor.

6) Maximum k Value. It is recommended that a design k value of 500 Ibs/in® (136 MN/m®) not
be exceeded for any foundation. The information presented in Table 2-3 gives general guidance as to probable k values
for various soil types.

c. Additional Soil Strength Tests. Where stability of the underlying section is questionable, additional

soil strength tests may be necessary. Direct shear tests (ASTM D 3080) or field vane tests (ASTM D 2573) may be
required to adequately design the pavement structure.
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207.  SUBGRADE STABILIZATION. Subgrade stabilization should be considered if one or more of the following
conditions exist: poor drainage, adverse surface drainage, frost, or need for a stable working platform. Subgrade
stabilization can be accomplished through the addition of chemical agents or by mechanical methods.

a. Chemical Stabilization. Different soil types require different stabilizing agents for best results. The
following publications are reccommended to determine the appropriate type and amount of chemical stabilization for
subgrade soils. US Army, Corps of Engineers, Technical Manual TM 5-818-2/AFM 88-6 Chapter 6 ; Technical Manual
5-825.2/AFM 88-6 Chapter 2; Technical Manual 5-824-3/AFM 88-6, Chapter 3; Soil Cement Handbook, Portland
Cement Association; and The Asphalt Institute Manual Series MS-19, A Basic Asphalt Emulsion Manual.

b. Mechanical Stabilization. In some instances subgrades cannot be adequately stabilized through the
use of chemical additives. The underlying soils may be so soft that stabilized materials cannot be mixed and compacted
over the underlying soils without failing the soft soils. Extremely soft soils may require bridging in order to construct the
pavement section. Bridging can be accomplished with the use of thick layers of shot rock or cobbles. Thick layers of
lean, porous concrete have also been used to bridge extremely soft soils. Geotextiles should be considered as mechanical
stabilization over soft, fine-grained soils. Geotextiles can facilitate site access over soft soils and aid in reducing
subgrade soil disturbance due to construction traffic. The geotextile will also function as a separation material to limit
long-term weakening of pavement aggregate associated with contamination of the aggregate with underlying fine-grained
soils. More information regarding construction over soft soils using geotextiles is provided in FHWA-KI-90-001 (see
Appendix 4).

208. SEASONAL FROST. The design of pavements in areas subject to seasonal frost action requires special
consideration. The detrimental effects of frost action may be manifested by nonuniform heave and in loss of soil strength
during frost melting. Other related detrimental effects include: possible loss of compaction, development of pavement
roughness, restriction of drainage, and cracking and deterioration of the pavement surface. Detrimental frost action
requires three conditions be met simultaneously: first, the soil must be frost susceptible; secondly, freezing temperatures
must penetrate into the frost susceptible soil; thirdly, free moisture must be available in sufficient quantities to form ice
lenses.

a. Frost Susceptibility. The frost susceptibility of soils is dependent to a large extent on the size and
distribution of voids in the soil mass. Voids must be of a certain critical size for the development of ice lenses. Empirical
relationships have been developed correlating the degree of frost susceptibility with the soil classification and the amount
of material finer than 0.02 mm by weight. Soils are categorized into four groups for frost design purposes, Frost Group 1
(FG-1), FG-2, FG-3, and FG-4. The higher the frost group number the more susceptible the soil, i.e., soils in frost group
4 are more frost susceptible than soils in frost groups 1, 2, or 3. Table 2-4 defines the frost groups.

b. Depth of Frost Penetration. The depth of frost penetration is a function of the thermal properties of
the pavement and soil mass, the surface temperature, and the temperature of the pavement and soil mass at the start of the
freezing season. Several methods are available to calculate the depth of frost penetration and subsurface temperatures.
The method presented here is a simplification of a method based on the modified Berggren equation. This method
requires the use of the air freezing index and the dry unit weight of the soil.

1) Air Freezing Index. The air freezing index is a measure of the combined duration and
magnitude of below freezing temperatures occurring during any given freezing season. the average daily temperature is
used in the calculation of freezing index. For example, assume the average daily temperature is 10 degrees below
freezing for 10 days. The freezing index would be calculated as follows, 10 degrees X 10 days = 100 degree days.
Ideally, air freezing indices should be based on actual data obtained from a meteorological station located in close
proximity to the construction site. The air freezing index used for desi gn (design air freezing index) should be based on
the average of the 3 coldest winters in a 30 year period, if available, or the coldest winter observed in a 10 year period.
Figures 2-6 and 2-7 show the approximate design air freezing indices for the lower United States and Alaska,
respectively. The values shown in Figures 2-6 and 2-7 do not show local variation which may be substantial, especially
in mountainous areas.
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FIGURE 2-6. DISTRIBUTION OF DESIGN AIR FREEZING INDEX VALUES IN ALASKA
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) Depth of Frost Penetration. The relationship between air freezing index and depth of frost
penetration is shown in Figure 2-8. The thermal properties of the soil mass are reflected by differences in the dry unit
weight of the subgrade soil. In the development of this method, the pavement is assumed to be either a 12 inch (300 mm)
thick rigid pavement or a 20 inch (510 mm) thick flexible pavement. The depths of frost penetration shown on Figure 2-8
are measured from the pavement surface downward.

TABLE 2-4. SOIL FROST GROUPS

Frost Kind of Soil Percentage finer than Soil Classification
Group 0.02 mm by weight
FG-1 Gravelly Soils 31010 GW, GP, GW-GM, GP-GM
FG-2 Gravelly Soils 10 to 20 GM, GW-GM, GP-GM,
Sands 3t015 SW, SP, SM, SW-SM
SP-SM
FG-3 Gravelly Soils Over 20 GM, GC
Sands, except very fine silty Over 15 SM, SC
sands v
Clays, PI above 12 - CL,CH
FG-4 Very fine silty sands Over 15 SM
All Silts - ML, MH
Clays, PI = 12 or less - CL, CL-ML
Varied Clays and other fine - CL, CH, ML, SM

grained banded sediments.

c. Free Water. The availability of free water in the soil mass to freeze and form ice lenses is the third
consideration which must be present for detrimental frost action to occur. Water may be drawn from considerable depths
by capillary action, by infiltration from the surface or sides, or by condensation of atmospheric water vapor. Generally
speaking, if the degree of saturation of the soil is 70% or greater, frost heave will probably occur. For all practical
purposes, the designer should assume that sufficient water to cause detrimental frost action will be present.

d. Frost Design. The design of pavements to offset seasonal frost effects is presented in Chapter 3. A
more detailed and rigorous discussion of frost action and its effects can be found in Research Report No.
FAA/RD/74/30, see Appendix 3.

209. PERMAFROST. In arctic regions soils are often frozen at considerable depths year round. Seasonal thawing
and refreezing of the upper layer of permafrost can lead to severe loss of bearing capacity and/or differential heave. In
areas with continuous high-ice-content permafrost at shallow depths, satisfactory pavements are best ensured by
restricting seasonal thawing to the pavement and to a non-frost susceptible base course. This approach is intended to
prevent degradation (thawing) of the permafrost layer.

a. Susceptibility. The frost susceptibility of soils in permafrost areas is classified the same as given
above in paragraph 206.
b. Depth of Thaw Penetration. Pavement design for permafrost areas must consider the depth of

seasonal thaw penetration. The depth to which thawing temperatures penetrate into permafrost may be estimated using
Figure 2-9. Use of Figure 2-9 requires inputs air thawing index, average wind speed during the thaw period, pavement
type, and density of the permafrost layer. The air thawing index is expressed in degree days and is the difference between
average daily temperature and 32 degrees Fahrenheit (0 degrees Celsius) multiplied by the number of days the
temperature exceeds freezing. The thawing index used for design (design thawing index) should be based on the 3
warmest summers in the last 30 years of record. If 30 year records are not available, data from the warmest summer in
the latest 10 year period may be used.
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c. Muskeg. Muskeg is sometimes encountered in arctic areas. Muskeg is a highly organic soil deposit
which is essentially a swamp. Every effort should be made to avoid pavement construction on this material. If
construction in areas of muskeg is unavoidable and the soil survey shows the thickness of muskeg is less than 5 feet (1.5
m), the muskeg should be removed and replaced with granular fill. If the thickness of muskeg is too great to warrant
removal and replacement, a 5 foot (1.5 m) granular fill should be placed over the muskeg. These thicknesses are based
on experience and it should be anticipated that differential settlement will occur and considerable maintenance will be
required to maintain a smooth surface. Use of a geotextile between the muskeg surface and the bottom of granular fill is
recommended to prevent migration of the muskeg up into the granular fill. In this application, the geotextile is
considered to perform the function of separation. Additional information on the design and construction of geotextiles
performing the separation function within pavement sections is provided in FHWA-HI-90-001 (see Appendix 4).

d. Permafrost Design. Design of pavements in areas of permafrost is discussed in Chapter 3. Further
information on permafrost can be found in Research Report No. FAA/RD/74/30, see Appendix 4.
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CHAPTER 3. PAVEMENT DESIGN
SECTION 1. DESIGN CONSIDERATIONS

300. SCOPE. This chapter covers pavement design for airports serving aircraft with gross weights of 30,000 pounds
(13 000 kg) or more. Chapter 5 is devoted to the design of pavements serving lighter aircraft with gross weights under
30,000 pounds (13 000 kg).

301. DESIGN PHILOSOPHY. The FAA policy of treating the design of aircraft landing gear and the design and
evaluation of airport pavements as three separate entities is described in the Foreword to this advisory circular. The
design of airport pavements is a complex engineering problem which involves a large number of interacting variables.
The design curves presented in this chapter are based on the CBR method of design for flexible pavements and a jointed
edge stress analysis for rigid pavements. Other design procedures such as those based on layered elastic analysis and
those developed by The Asphalt Institute and the Portland Cement Association may be utilized to determine pavement
thicknesses when approved by the FAA. These procedures will yield slightly different design thicknesses due to
different basic assumptions. All pavement designs should be summarized on FAA Form 5100-1, Airport Pavement -
Design, which is considered to be part of the Engineer's Report. An Engineer's Report should be prepared for FAA
review and approval along with initial plans and specifications. Because of thickness variations, the evaluation of
existing pavements should be performed using the same method as was employed in the design. Procedures to be used in
evaluating pavements are described in detail in Chapter 6 of this advisory circular. Details on the development of the
FAA method of design are as follows:

a. Flexible Pavements. The flexible pavement design curves presented in this chapter are based on the
California Bearing Ratio (CBR) method of design. The CBR design method is basically empirical; however, a great deal
of research has been done with the method and reliable correlations have been developed. Gear configurations are
related using theoretical concepts as well as empirically developed data. The design curves provide the required total
thickness of flexible pavement (surface, base, and subbase) needed to support a given weight of aircraft over a particular
subgrade. The curves also show the required surface thickness. Minimum base course thicknesses are given in a
separate table. A more detailed discussion of CBR design is presented in Appendix 2.

b. Rigid Pavements. The rigid pavement design curves in this chapter are based on the Westergaard
analysis of edge loaded slabs. The edge loading analysis has been modified to simulate a jointed edge
condition. Pavement stresses are higher at the jointed edge than at the slab interior. Experience shows practically all load
induced cracks develop at jointed edges and migrate toward the slab interior. Design curves are furnished for areas where
traffic will predominantly follow parallel or perpendicular to joints and for areas where traffic is likely to cross joints at
an acute angle. The thickness of pavement determined from the curves is for slab thickness only. Subbase thicknesses
are determined separately. A more detailed discussion of the basis for rigid pavement design is presented in Appendix 2.

302. BACKGROUND. An airfield pavement and the operating aircraft represent an interactive system which must
be addressed in the pavement design process. Design considerations associated with both the aircraft and the pavement
must be recognized in order to produce a satisfactory design. Careful construction control and some degree of
maintenance will be required to produce a pavement which will achieve the intended design life. Pavements are
designed to provide a finite life and fatigue limits are anticipated. Poor construction and lack of preventative
maintenance will usually shorten the service life of even the best designed pavement.

a. Variables. The determination of pavement thickness requirements is a complex engineering problem.
Pavements are subject to a wide variety of loadings and climatic effects. The design process involves a large number of
interacting variables which are often difficult to quantify. Although a great deal of research work has been completed
and more is underway, it has been impossible to arrive at a direct mathematical solution of thickness requirements. For
this reason the determination of pavement thickness must be based on the theoretical analysis of load distribution through
pavements and soils, the analysis of experimental pavement data, and a study of the performance of pavements under
actual service conditions. Pavement thickness curves presented in this chapter have been developed through correlation
of the data obtained from these sources. Pavements designed in accordance with these standards are intended to provide
a structural life of 20 years that is free of major maintenance if no major changes in forecast traffic are encountered. It is
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likely that rehabilitation of surface grades and renewal of skid resistant properties will be needed before 20 years due to
destructive climatic effects and deteriorating effects of normal usage.

b. Structural Design. The structural design of airport pavements consists of determining both the
overall pavement thickness and the thickness of the component parts of the pavement. There are a number of factors
which influence the thickness of pavement required to provide satisfactory service. These include the magnitude and
character of the aircraft loads to be supported, the volume of traffic, the concentration of traffic in certain areas, and the
quality of the subgrade soil and materials comprising the pavement structure.

303. AIRCRAFT CONSIDERATIONS.

a. Load. The pavement design method is based on the gross weight of the aircraft. For design purposes
the pavement should be designed for the maximum anticipated takeoff weight of the aircraft. The design procedure
assumes 95 percent of the gross weight is carried by the main landing gears and 5 percent is carried by the nose gear.
AC 150/5300-13, Airport Design, lists the weight of nearly all civil aircraft. Use of the maximum anticipated takeoff
weight is recommended to provide some degree of conservatism in the design and is justified by the fact that changes in
operational use can often occur and recognition of the fact that forecast traffic is approximate at best. By ignoring
arriving traffic some of the conservatism is offset.

b. Landing Gear Type and Geometry. The gear type and configuration dictate how the aircraft weight
is distributed to the pavement and determine pavement response to aircraft loadings. It would have been impractical to
develop design curves for each type of aircraft. However, since the thickness of both rigid and flexible pavements is
dependent upon the gear dimensions and the type of gear, separate design curves would be necessary unless some valid
assumptions could be made to reduce the number of variables. Examination of gear configuration, tire contact areas, and
tire pressure in common use indicated that these follow a definite trend related to aircraft gross weight. Reasonable
assumptions could therefore be made and design curves constructed from the assumed data. These assumed data are as
follows: :

(0] Single Gear Aircraft. No special assumptions needed.

2) Dual Gear Aircraft. A study of the spacing between dual wheels for these aircraft indicated
that a dimension of 20 inches (0.51 m) between the centerline of the tires appeared reasonable for the lighter aircraft and
a dimension of 34 inches (0.86 m) between the centerline of the tires appeared reasonable for the heavier aircraft.

3 Dual Tandem Gear Aircraft. The study indicated a dual wheel spacing of 20 inches (0.51
m) and a tandem spacing of 45 inches (1.14 m) for lighter aircraft, and a dual wheel spacing of 30 inches (0.76 m) and a
tandem spacing of 55 inches (1.40 m) for the heavier aircraft are appropriate design values.

@) Wide Body Aircraft. Wide body aircraft; i.e., B-747, DC-10, and L-1011 represent a radical
departure from the geometry assumed for dual tandem aircraft described in paragraph (c) above. Due to the large
differences in gross weights and gear geometries, separate design curves have been prepared for the wide body aircraft.

c. Tire Pressure. Tire pressure varies between 75 and 200 PSI (516 to 1 380 kPa) depending on gear
configuration and gross weight. It should be noted that tire pressure asserts less influence on pavement stresses as gross
weight increases, and the assumed maximum of 200 PSI (1 380 kPa) may be safely exceeded if other parameters are not
exceeded and a high stability surface course is used.

d. Traffic Volume. Forecasts of annual departures by aircraft type are needed for pavement design.
Information on aircraft operations is available from Airport Master Plans, Terminal Area Forecasts, the National Plan of
Integrated Airport Systems, Airport Activity Statistics and FAA Air Traffic Activity. These publications should be
consulted in the development of forecasts of annual departures by aircraft type.

304. DETERMINATION OF DESIGN AIRCRAFT. The forecast of annual departures by aircraft type will result
in a list of a number of different aircraft. The design aircraft should be selected on the basis of the one requiring the
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greatest pavement thickness. Each aircraft type in the forecast should be checked to determine the pavement thickness
required by using the appropriate design curve with the forecast number of annual departures for that aircraft. The
aircraft type which produces the greatest pavement thickness is the design aircraft. The design aircraft is not necessarily
the heaviest aircraft in the forecast.

305. DETERMINATION OF EQUIVALENT ANNUAL DEPARTURES BY THE DESIGN AIRCRAFT.

a. Conversions. Since the traffic forecast is a mixture of a variety of aircraft having different landing
gear types and different weights, the effects of all traffic must be accounted for in terms of the design aircraft. First, all
aircraft must be converted to the same landing gear type as the design aircraft. Factors have been established to
accomplish this conversion. These factors are constant and apply to both flexible and rigid pavements. They represent an
approximation of the relative fatigue effects of different gear types. Much more precise and theoretically rigorous factors
could be developed for different types and thicknesses of pavement. However, such precision would be impractical for
hand calculation as numerous iterations and adjustments would be required as the design evolved. At this stage of the
design process such precision is not warranted. The following conversion factors should be used to convert from one
landing gear type to another:

To Convert From To Multiply Departures by

single wheel dual wheel 0.8
single wheel dual tandem . 0.5
dual wheel dual tandem 0.6
double dual tandem dual tandem 1.0
dual tandem single wheel 2.0
dual tandem dual wheel 1.7
dual wheel single wheel 1.3
double dual tandem dual wheel 1.7

Secondly, after the aircraft have been grouped into the same landing gear configuration, the conversion to equivalent
annual departures of the design aircraft should be determined by the following formula:

W1
log R, = log R, x(‘uT)z
1

where

R, = equivalent annual departures by the design aircraft

R, = annual departures expressed in design aircraft landing gear
W, = wheel load of the design aircraft

W, = wheel load of the aircraft in question

For this computation 95 percent of the gross weight of the aircraft is assumed to be carried by the main landing gears.
Wide body aircraft require special attention in this calculation. The procedure discussed above is a relative rating which
compares different aircraft to a common design aircraft. Since wide body aircraft have significantly different landing
gear assembly spacings than other aircraft, special considerations are needed to maintain the relative effects. This is done
by treating each wide body as a 300,000-pound (136 100 kg) dual tandem aircraft when computing equivalent annual
departures. This should be done in every instance even when the design aircraft is a wide body. After the equivalent
annual departures are determined, the design should proceed using the appropriate design curve for the design aircraft.
For example if a wide body is the design aircraft, all equivalent departures should be calculated as described above; then
the design curve for the wide body should be used with the calculated equivalent annual departures.

b. Example: Assume an airport pavement is to be designed for the following forecast traffic:
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Aircraft Gear Type Average Maximum Takeoff Weight

Annual Ibs. (kg)
Departures

727-100 dual 3,760 160,000 (72 600)

727-200 dual 9,080 190,500 (86 500)

707-320B dual tandem 3,050 327,000 (148 500)

DC-9-30 dual 5,800 108,000 (49 000)

CV-880 dual tandem 400 184,500 (83 948)

737-200 dual 2,650 115,500 (52 440)

L-1011-100 dual tandem 1,710 450,000 (204 120)

747-100 double dual 85 700,000 (317 800)

tandem
1) Determine Design Aircraft. A pavement thickness is determined for each aircraft in the

forecast using the appropriate design curves. The pavement input data, CBR, K value, flexural strength, etc., should be
the same for all aircraft. Aircraft weights and departure levels must correspond to the particular aircraft in the forecast.
In this example the 727-200 requires the greatest pavement thickness and is thus the design aircraft.

) Group Forecast Traffic into Landing Gear of Design Aircraft. In this example the design
aircraft is equipped with a dual wheel landing gear so all traffic must be grouped into the dual wheel configuration.

, €)) Convert Aircraft to Equivalent Annual Departures of the Design Aircraft. After the
aircraft mixture has been grouped into a common landing gear configuration, the equivalent annual departures of the
design aircraft can be calculated.

Aircraft Equi. Dual Wheel Load Wheel Load of Design ~ Equi. Annual
Gear Departs. Ibs. (kg) Aircraft - Departs
' Ibs. (kg) Design
Aircraft
727-100 3,760 38,000 (17 240) 45,240 (20 520) 1,891
727-200 9,080 45,240 (20 520) 45,240 (20 520) 9,080
707-320B 5,185 38,830 (17 610) 45,240 (20 520) 2,764
DC-9-30 5,800 25,650 (11 630) 45,240 (20 520) 682
CV-880 680 21,910 (9 940) 45,240 (20 520) 94
737-200 2,650 27,430 (12,440) 45,240 (20 520) 463
747 145 35,625' (16 160) 45,240 (20 520) 83
L-1011 2,907 35,625' (16 160) 45,240 (20,520) 1,184
Total = 16,241

'Wheel loads for wide body aircraft will be taken as the wheel load for a 300,000-pound (136 100 kg) aircraft for
equivalent annual departure calculations.

@ Final Result. For this example the pavement would be designed for 16,000 annual
departures of a dual wheel aircraft weighing 190,500 pounds (86 500 kg). The design should, however, provide for the
heaviest aircraft in the traffic mixture, B747-100, when considering depth of compaction, thickness of asphalt surface,
drainage structures, etc.

c. Other Methods. More refined methods of considering mixed traffic are possible. These refined
methods may consider variations in material properties due to climatis effects, take-off versus landing loads, aircraft
tread dimensions, etc. Use of these refined methods is allowable under the conditions given in paragraph 301.

306. TRAFFIC DISTRIBUTION. Research studies have shown that aircraft traffic is distributed laterally across
runways and taxiways according to statistically normal (bell shaped) distribution. FAA Report No. FAA-RD-36, Field
Survey and Analysis of Aircraft Distribution on Airport Pavements, dated February 1975, contains the latest research
information on traffic distribution. The design procedures presented in this circular incorporate the statistically normal
distribution in the departure levels. In addition to the lateral distribution of traffic across pavements, traffic distribution
and nature of loadings are considered for aprons, and high speed turnoffs.
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307. TYPICAL SECTIONS. Airport pavements are generally constructed in uniform, full width sections.
Runways may be constructed with a transversely variable section, if practical. A variable section permits a reduction
in the quantity of materials required for the upper paving layers of the runway. However, more complex construction
operations are associated with variable sections and are usually more costly. The additional construction costs may
negate any savings realized from reduced material quantities. Typical plan and section drawings for transversely
variable section runway pavements are shown in Figure 3-1. Deviations from these typical sections will be common
due to the change inherent in staged construction projects where runways are extended and the location of taxiways is
uncertain. As a general rule-of-thumb the designer should specify full pavement thickness T where departing traffic
will be using the pavement; pavement thickness of 0.9T will be specified where traffic will be arrivals such as high
speed turnoffs; and pavement thickness of 0.7T will be specified where pavement is required but traffic is unlikely
such as along the extreme outer edges of the runway. Note that the full-strength keel section is 50 feet (15 m) on the
basis of the research study discussed in paragraph 306a.

308. FROST AND PERMAFROST DESIGN. The design of an airport pavement must consider the climatic
conditions which will act on the pavement during its construction and service life. The protection of pavements from
the adverse effects of seasonal frost and permafrost effects are considered in the design of airport pavements as
discussed below.

a. Seasonal Frost. The adverse effects of seasonal frost have been discussed in Chapter 2. The design
of pavements in seasonal frost areas may be based on either of two approaches. The first approach is based on the
control of pavement deformations resulting from frost action. Under this approach, sufficient combined thickness of
pavement and non-frost-susceptible material must be provided to eliminate, or limit to an acceptable amount, frost
penetration into the subgrade and its adverse effects. The second approach is based on providing adequate pavement
load carrying capacity during the critical frost melting period. The second approach provides for the loss of load
carrying capacity due to frost melting but ignores the effects of frost heave. Three design procedures have been
developed which encompass the above approaches and are discussed below.

4)) Complete Frost Protection. Complete frost protection is accomplished by providing a
sufficient thickness of pavement and non-frost-susceptible material to totally contain frost penetration. This method is
intended to prevent underlying frost susceptible materials from freezing. To use the complete protection method , the
depth of frost penetration is determined by the procedure given in Chapter 2. The thickness of pavement required for
structural support is compared with the depth of frost penetration computed. The difference between the pavement
thickness required for structural support and the computed depth of frost penetration is made up with non-frost-
susceptible material. Depending on grades and other considerations, provision for complete protection may involve
removal and replacement of a considerable amount of subgrade material. Complete frost protection is the most
positive, and is usually the most costly, method of providing frost protection.

(0)) Limited Subgrade Frost Penetration. The limited subgrade frost penetration method is
based on holding frost heave to a tolerable level. Frost is allowed to penetrate a limited amount into the underlying
frost susceptible subgrade. Sixty five (65%) of the depth of frost penetration is made up with non-frost-susceptible
material. Use of the method is similar to the complete protection method. Additional frost protection is required if the
thickness of the structural section is less than 65% of the frost penetration. The limited subgrade frost penetration
method allows a tolerable (based on experience) amount of frost heave.

3 Reduced Subgrade Strength. The reduced subgrade strength method is based on the
concept of providing a pavement with adequate load carrying capacity during the frost melting period. This method
does not consider the effects of frost heave. Use of the reduced subgrade strength method involves assigning a
subgrade strength rating to the pavement for the frost melting period. The various soil frost groups as defined in
Chapter 2, should be assigned strength ratings as shown below:
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TABLE 3-1. REDUCED SUBGRADE STRENGTH RATINGS

Frost Group Flexible Pavement CBR Value Rigid Pavement k-value
FG-1 9 50

FG-2 7 40

FG-3 4 25

FG-4 Reduced Subgrade Strength Method Does Not Apply

The required pavement thicknesses are determined from the appropriate design curves using the reduced subgrade
strength ratings. Pavement thicknesses thus established reflect the requirements for the subgrade in its weakened
condition due to frost melting.

b. Applications. Due to economic considerations, the maximum practical depth of frost protection that
should be provided is normally 72 inches (1.8 m). The recommended applications of the three methods of frost
protection discussed above are as follows. In addition to these recommended applications, local experience should be
given strong consideration when designing for frost conditions.

1) Complete Frost Protection. The complete frost protection method applies only to FG-3 and
FG-4 soils which are extremely variable in horizontal extent. These soil deposits are characterized by very large,
frequent, and abrupt changes in frost heave potential. The variability is such that the use of transition sections is not
practical.

) Limited Subgrade Frost Penetration. This design method should be used for FG-4 soils
except where the conditions require complete protection, see (1) above. The method also applies to soils in frost groups
FG-1, FG-2, and FG-3 when the functional requirements of the pavement permit a minor amount of frost heave.
Consideration should be given to using transition sections where horizontal variability of frost heave potential permits.

3) Reduced Subgrade Strength. The reduced subgrade strength method is recommended for
FG-1, FG-2, and FG-3 subgrades which are uniform in horizontal extent or where the functional requirements of the
pavement will permit some degree of frost heave. the method may also be used for variable FG-1 through FG-3
subgrades for less sensitive pavements which are subject to slow speed traffic and heave can be tolerated.

c. Permafrost. The design of pavements in permafrost regions must consider not only the effects of
seasonal thawing and refreezing, but also the effects of construction on the existing thermal equilibrium. Changes in the
subsurface thermal regime may cause degradation of the permaffost table, resulting in severe differential settlements
drastic reduction of pavement load carrying capacity. Gravel surfaced pavements are rather common in permafrost areas
and generally will provide satisfactory service. These pavements often exhibit considerable distortion but are rather
easily regraded. The absence of a waterproof surface is not a great problem because these areas are usually have low
precipitation. Three design methods for asphaltic or concrete surfaced pavements are discussed below.

(6)) Complete Protection Method. The objective of the complete protection method is to ensure
that the underlying permafrost remains frozen year round. Seasonal thawing is restricted to non-frost-susceptible
materials. This method is analogous to the complete frost protection method of design for seasonal frost. The thickness
of pavement required for structural support is first determined. The depth of seasonal thaw is then computed as described
in Chapter 2 or using information based on local experience. The difference between the depth of seasonal thaw and the
thickness needed for structural support is the amount of non-frost-susceptible material which must be provided to fully
contain the depth of seasonal thaw. The use of relatively high moisture retaining soils, such as uniformly graded sands,
should be considered. If some heaving can be tolerated, the use of frost-susceptible soils in the FG-1 or FG-2 groups may
also be considered. If FG-1 or FG-2 soils are used, they must be placed so as to be as uniform as possible. Normally
economic considerations will limit the depth of treatment to a maximum of 6 feet (1.8 m).

2) Reduced Subgrade Strength Method. If conditions are such that the complete protection
method of design is not practical, the design may be based on the reduced subgrade strength method. The use of this
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method for permafrost design is identical to that presented in paragraph 308b(3) above. this method should provide a
pavement with sufficient structural support during the seasonal permafrost thaw period but will likely result in
differential heaving. If practical, it may be advisable to delay paving for 2 or 3 years to allow the embankment to reach
equilibrium.

A3) Insulating Panels. A third approach which is not as common is the use of insulating panels
beneath the pavement structure to protect against degradation of the permafrost. This method can lead to problems if the
insulating panels are crushed by the weight of the overburden or by the live loads. Crushing of the cell structure of the
insulation results in loss of insulating properties and failure to serve its intended purpose. Pavements using this technique
must be very carefully constructed and may be subject to load limitations because of the need to guard against crushing
the insulating panels. A significant change in the weight of using aircraft may fail the insulating panels. Since the FAA
has no standards or design criteria for the use of insulating panels, their use on federally funded construction requires
FAA approval on a case-by-case basis.

30



7/7/95 AC 150/5320-6D

SECTION 2. FLEXIBLE PAVEMENT DESIGN

309. GENERAL. Flexible pavements consist of a hot mix asphalt wearing surface placed on a base course and,
when required by subgrade conditions, a subbase. The entire flexible pavement structure is ultimately supported by the
subgrade. Definitions of the function of the various components are given in the following paragraphs. For some aircraft
the base and subbase should be constructed of stabilized materials. The requirements for stabilized base and subbase are
also discussed in this section.

310. HOT MIX ASPHALT SURFACING. The hot mix asphalt surface or wearing course must prevent the
penetration of surface water to the base course; provide a smooth, well-bonded surface free from loose particles which
might endanger aircraft or persons; resist the shearing stresses induced by aircraft loads; and furnish a texture of nonskid
qualities, yet not cause undue wear on tires. To successfully fulfill these requirements, the surface must be composed of
mixtures of aggregates and bituminous binders which will produce a uniform surface of suitable texture possessing
maximum stability and durability. Since control of the mixture is of paramount importance, these requirements can best
be achieved by use of a central mixing plant where proper control can be most readily obtained. A dense-graded hot mix
asphalt concrete such as Item P-401 produced in a central mixing plant will most satisfactorily meet all the above
requirements. Whenever a hot mix asphalt surface is subject to spillage of fuel, hydraulic fluid, or other solvents; such as
at aircraft fueling positions and maintenance areas, protection should be provided by a solvent resistant surface.

311. BASE COURSE. The base course is the principal structural component of the flexible pavement. It has the
major function of distributing the imposed wheel loadings to the pavement foundation, the subbase and/or subgrade. The
base course must be of such quality and thickness to prevent failure in the subgrade, withstand the stresses produced in
the base itself, resist vertical pressures tending to produce consolidation and resulting in distortion of the surface course,
and resist volume changes caused by fluctuations in its moisture content. In the development of pavement thickness
requirements, a minimum CBR value of 80 is assumed for the base course. The quality of the base course depends upon
composition, physical properties and compaction. Many materials and combinations thereof have proved satisfactory as
base courses. They are composed of select, hard, and durable aggregates. Specifications covering the quality of
components, gradation, manipulation control, and preparation of various types of base courses for use on airports for
aircraft design loads of 30,000 pounds (14 000 kg) or more are as follows:

(6)) Item P-208 - Aggregate Base Course'

2) Item P-209 - Crushed Aggregate Base Course
A3 Item P-211 - Lime Rock Base Course

@) Item P-304 - Cement Treated Base Course

Q) Item P-306 - Econocrete Subbase Course

6) Item P-401 - Plant Mix Bituminous Pavements

I'The use of Item P-208, Aggregate Base Course, as base course is limited to pavements designed for
gross loads of 60,000 Ibs. (27 000 kg) or less..- When Item P-208 is used as base course the thickness of
the hot mix asphalt surfacing should be increased 1 inch (25 mm) over that shown on the design
curves.

312. SUBBASE. A subbase is included as an integral part of the flexible pavement structure in all pavements except
those on subgrades with a CBR value of 20 or greater (usually GW or GP type soils). The function of the subbase is
similar to that of the base course. However, since it is further removed from the surface and is subjected to lower
loading intensities, the material requirements are not as strict as for the base course. In the development of pavement
thickness requirements the CBR value of the subbase course is a variable.

a. Quality. Specifications covering the quality of components, gradations, manipulation control, and
preparation of various types of subbase courses for use on airports for aircraft design loads of 30,000 pounds (14 000 kg)
or more are as follows:

1) Item P-154 - Subbase Course
) Item P-210 - Caliche Base Course
3) Item P-212 - Shell Base Course
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@) Item P-213 - Sand Clay Base Course"
5) Item P-301 - Soil Cement Base Course!

'Use of Items P-213 and P-301 as subbase course is not recommended where frost penetration into the
subbase is anticipated. Any material suitable for use as base course can also be used on subbase if
economy and practicality dictate.

b. Sandwich Construction. Pavements should not be configured such that a pervious granular layer is
located between two impervious layers. This type of section is often called "sandwich" construction. Problems are often
encountered in "sandwich" construction when water becomes trapped in the granular layer causing a dramatic loss of
strength and results in poor performance.

313.  SUBGRADE. The subgrade soils are subjected to lower stresses than the surface, base, and subbase courses.
Subgrade stresses attenuate with depth, and the controlling subgrade stress is usually at the top of the subgrade, unless
unusual conditions exist. Unusual conditions such as a layered subgrade or sharply varying water contents or densities-
can change the location of the controlling stress. The ability of a particular soil to resist shear and deformation vary with
its density and moisture content. Such unusual conditions should be revealed during the soils investigation.
Specification Item P-152, Excavation and Embankment, covers the construction and density control of subgrade soils.
Table 3-2 shows depths below the subgrade surface to which compaction controls apply.

a. Contamination. A loss of structural capacity can result from contamination of base or subbase
elements with fines from underlying subgrade soils. This contamination occurs during pavement construction and during
pavement loading. Aggregate contamination results in a reduced ability of the aggregate to distribute and reduce stresses
applied to the subgrade. Fine grained soils are most likely to contaminate pavement aggregate. This process is not
limited to soft subgrade conditions. Problematic soils may be cohesive or noncohesive and usually exhibit poor drainage
properties. Chemical and mechanical stabilization of the subbase or subgrade can be effectively used to reduce
aggregate contamination (refer to Section 207). Geotextiles have been found to be effective at providing separation
between fine-grained soils and overlying pavement aggregates (FHWA-90-001)(see Appendix 4). In this application, the
geotextile is not considered to act as a structural element within the pavement. For separation applications the geotextile
is designed based on survivability properties. Refer to FHWA-90-001 (see Appendix 4) for additional information
regarding design and construction using separation geotextiles.

b. Example. An apron extension is to be built to accommodate a 340,000-pound (154 000 kg) dual
tandem geared aircraft, a soils investigation has shown the subgrade will be noncohesive. In-place densities of the soils
have been determined at even foot increments below the ground surface. Design calculations indicate that the top of
subgrade in this area will be approximately 10 inches (0.3 m) below the existing grade. Depths and densities may be
tabulated as follows:

Depth Below Depth Below In-Place Density
Existing Grade Finished Grade

1' (0.3 m) 2" (50 mm) 70%

2' (0.6 m) 14" (0.36 m) 84%

3'(0.9 m) 26" (0.66 m) 86%

4'(1.2m) 38" (0.97 m) 90%

5'(1.5m) 50" (1.27 m) 93%

Using Table 3-2 values for non-cohesive soils and applying linear interpolation the compaction requirements are as

follows:
100% 95% 90% 85%
0-21 21-37 37-52 52-68

Comparison of the tabulations show that for this example in-place density is satisfactory at a depth of 38 inches (0.97 m),
being 90 percent within the required 90 percent zone. It will be necessary to compact an additional 1 inch (0.03 m) at 95
percent, and the top 21 inches (0.53 m) of subgrade at 100 percent density.

32



7/7/95 AC 150/5320-6D

TABLE 3-2. SUBGRADE COMPACTION REQUIREMENTS FOR FLEXIBLE PAVEMENTS

DESIGN Gross NON-COHESIVE SOILS COHESIVE SOILS
AIRCRAFT Weight Depth of Compaction In. Depth of Compaction In.
1bs.
100% 95% 90% 85% 95% 90% 85% 80%
Single Wheel 30,000 8 8-18 18-32 32-44 6 6-9 9-12 12-17
50,000 10 10-24 | 24-36 36-48 6 6-9 9-16 16-20
75,000 12 12-30 | 30-40 40-52 6 6-12 12-19 19-25
Dual Wheel 50,000 12 12-28 | 28-38 38-50 6 6-10 10-17 17-22
(incls. C-130) | 100,000 17 17-30 | 30-42 42-55 6 6-12 12-19 19-25
150,000 19 19-32 | 32-46 46-60 7 7-14 14-21 21-28
200,000 21 21-37 | 37-53 53-69 9 8-16 16-24 24-32
Dual Tand. 100,000 14 14-26 | 26-38 38-49 6 6-10 10-17 17-22
(incls. 757, 200,000 17 17-30 | 30-43 43-56 6 6-12 12-18 18-26
767, 300,000 20| 20-34 | 34-48 48-63 7 7-14 14-22 22-29
A-300) 400,000 23 | 23-41 | 41-59 59-76 9 9-18 18-27 27-36
DC-10 400,000 21 21-36 | 36-55 55-70 8 8-15 15-20 20-28
L1011 . 600,000 23 | 2341 41-59 59-76 9 9-18 18-27 27-36
747 800,000 23 | 23-41 41-59 59-76 9 9-18 18-27 27-36
Notes:

1. Noncohesive soils, for the purpose of determining compaction control, are those with a plasticity index
(P.L) of less than 6.
2. Tabulated values denote depths below the finished subgrade above which densities should equal or
exceed the indicated percentage of the maximum dry density as specified in Item P-152.
3. The subgrade in cut areas should have natural densities shown or should (a) be compacted from the
surface to achieve the required densities, (b) be removed and replaced at the densities shown, or (c) when
economics and grades permit, be covered with sufficient select or subbase material so that the
uncompacted subgrade is at a depth where the in-place densities are satisfactory.
4. For intermediate aircraft weights use linear interpolation.
5. For swelling soils refer to paragraph 314.
6. 1inch =254 mm

11b.=0.454 kg

314. SWELLING SOILS. Swelling soils are clayey soils which exhibit significant volume changes brought on by
moisture variations. The potential for volumetric change of a soil due to moisture variation is a function of the type of
soil and the likelihood of for moisture fluctuation. Airport pavements constructed on these soils are subject to
differential movements causing surface roughness and cracking. The design of pavements in areas of swelling soils
should incorporate methods that prevent or reduce the effects of soil volume changes.

a. Soil Type. Only clayey soils containing a significant amount of particular clay minerals are prone to
swelling. The clay minerals which cause swelling are, in descending order of swelling activity, are: smectite, illite, and
kaolinite. These soils usually have liquid limits above 40 and plasticity indexes above 25.

b. Identification. Soils which exhibit a swell of greater than 3 percent when tested for the California
Bearing Ratio (CBR), ASTM D 1883, require treatment. Experience with soils in certain locales is often used to
determine when treatment is required.

c. Treatment. Treatment of swelling soils consist of removal and replacement, stabilization, modified
compaction efforts and careful control of compaction moisture. Provisions for adequate drainage is of paramount
importance when dealing with swelling soils. Recommended treatments for swelling soils are shown in Table 3-3. Local
experience and judgment should be applied in dealing with swelling soils to achieve the best results. Care should be
taken to minimize water flow along the contact plane between the stabilized/nonstabilized material.
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TABLE 3-3. RECOMMENDED TREATMENT OF SWELLING SOILS

Swell Potential  Percent Swell Potential for Treatment
(Based on Measured (ASTM  Moisture
Experience) D 1883) Fluctuation'
Low 3-5 Low Compact soil on wet side of optimum (+2% to +3%)
to not greater than 90% of appropriate maximum
density. 2
High Stabilize soil to a depth of at least 6 in. (150 mm)
Medium 6-10 Low Stabilize soil to a depth of at least 12 in. (300 mm)
High Stabilize soil to a depth of at least 12 in. (300 mm)
High Over 10 Low Stabilize soil to a depth of at least 12 in. (300 mm)
High For uniform soils, i.e., redeposited clays, stabilize soil

to a depth of at least 36 in. (900 mm) or raise grade to
bury swelling soil at least 36 in. (900 mm) below
pavement section or remove and replace with non-
swelling soil.

For variable soil deposits depth of treatment should be
increased to 60 in. (1300 mm).
Notes: 'Potential for moisture fluctuation is a judgmental determination and should consider proximity of water
table, likelihood of variations in water table, as well as other sources of moisture, and thickness of the
swelling soil layer.

*When control of swelling is attempted by compacting on the wet side of optimum and reduced density,
the design subgrade strength should be based on the higher moisture content and reduced density.

d. Additional Information. Additional information on identifying and handling swelling soils is
presented in FAA Reports No. FAA-RD-76-66, Design and Construction of Airport Pavements on Expansive Soils, by
R. Gordon McKeen, dated June 1976 and DOT/FAA/PM-85/15, Validation of Procedures for Pavement Design on
Expansive Soils, by R. Gordon McKeen, dated July 1985. See Appendix 4.

315s.  SELECTION OF DESIGN CBR VALUE. Subgrade soils are usually rather variable and the selection of a
design CBR value requires some judgment. As a general rule of thumb the design CBR value should be equal to or less
than 85% of all the subgrade CBR values. This corresponds to a design value of one standard deviation below the mean
as recommended in Chapter 2. In some cases subgrade soils which are significantly different in strength occur in
different layers. In these instances several designs should be examined to determine the most economical pavement
section. It may be more economical to remove and replace a weak layer than designing for it. On the other hand,
circumstances may be such that designing for the weakest layer is more economical. Local conditions will dictate which
approach should be used.

316.  DESIGN CURVES. Due to the differences in stress distribution characteristics, separate flexible pavement
design curves for several gear configurations have been prepared and are presented in Figures 3-2 through 3-15,
inclusive. The thicknesses determined from these design charts are for untreated granular bases and subbases and do not
include frost effects or stabilized materials. Frost effects and stabilized materials must be handled separately.
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317. DESIGN INPUTS. Use of the design curves for flexible pavements requires a CBR value for the subgrade
material, a CBR value for the subbase material, the gross weight of the design aircraft, and the number of annual
departures of the design aircraft. The design curves presented in Figures 3-2 through 3-15 indicate the total pavement
thickness required and the thickness of hot mix asphalt surfacing. Table 3-4 gives the minimum thicknesses of base
course for various materials and design loadings. For annual departures in excess of 25,000 the total pavement thickness
should be increased in accordance with Table 3-5. 1-inch (25 mm) of the thickness increase should be hot mix asphalt
surfacing; the remaining thickness increase should be proportioned between base and subbase.

TABLE 3-4. MINIMUM BASE COURSE THICKNESS

Design Design Load Range Minimum Base
Aircraft Course Thickness
1bs. (kg in. (mm)
Single Wheel 30,000 - 50,000 (13600 - 22 700) 4 (100)
50,000 - 75,000 (22700 - 34 000) 6 (150)
Dual 50,000 - 100,000 (22700 - 45 000) 6 (150)
Wheel 100,000 - 200,000 (45000 - 90 700) 8 (200)
Dual 100,000 - 250,000 (45000 - 113400) 6 (150)
Tandem 250,000 - 400,000 | (113400 - 181 000) 8 (200)
757 200,000 - 400,000 (90700 - 181 000) 6 (150)
767
DC-10 400,000 - 600,000 | (181000 - 272 000) 8 (200)
L1011
B-747 400,000 - 600,000 | (181000 - 272 000) 6 (150)
600,000 - 850,000 | (272000 - 385 700) 8 (200)
C-130 75,000 - 125,000 (34 000 - 56 700) 4 (100)
125,000 - 175,000 (56 700 - 79 400) 6| (150)

Note: The calculated base course thicknesses should be compared with the
minimum base course thicknesses listed above. The greater thickness,
calculated or minimum, should be specified in the design section.

318.  CRITICAL AND NONCRITICAL AREAS. The design curves, Figures 3-2 through 3-15, are used to
determine the total critical pavement thickness, "T", and the surface course thickness requirements. The 0.9T factor for
the noncritical pavement applies to the base and subbase courses; the surface course thickness is as noted on the design
curves. For the variable section of the transition section and thinned edge, the reduction applies only to the base course.
The 0.7T thickness for base shall be the minimum permitted. The subbase thickness shall be increased or varied to
provide positive surface drainage of the subgrade surface. Surface course thicknesses are as shown in Figure 3-1. For
fractions of an inch of 0.5 or more, use the next higher whole number; for less than 0.5, use the next lower whole
number.

TABLE 3-5. PAVEMENT THICKNESS
FOR HIGH DEPARTURE LEVELS
Annual Departure  Percent of 25,000 Departure

Level Thickness
50,000 104
100,000 108
150,000 110
200,000 112

Note:

The values given in Table 3-5 are based on
extrapolation of research data and observations
of in-service pavements. Table 3-5 was
developed assuming a logarithmic relationship
between percent of thickness and departures.
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319. DESIGN EXAMPLE. As an example of the use of the design curves, assume a flexible pavement is to be
designed for a dual gear aircraft having a gross weight of 75,000 pounds (34 000 kg) and 6,000 annual equivalent
departures of the design aircraft. Design CBR values for the subbase and subgrade are 20 and 6, respectively.

a. Total Pavement Thickness. The total pavement thickness required is determined from Figure 3-3.
Enter the upper abscissa with the subgrade CBR value, 6. Project vertically downward to the gross weight of the design
aircraft, 75,000 pounds (34 000 kg). At the point of intersection of the vertical projection and the aircraft gross weight,
make a horizontal projection to the equivalent annual departures, 6000. From the point of intersection of the horizontal
projection and the annual departure level, make a vertical projection down to the lower abscissa and read the total
pavement thickness; in this example - 23 inches (584 mm).

b. Thickness of Subbase Course. The thickness of the subbase course is determined in a manner similar
to the total pavement thickness. Using Figure 3-3, enter the upper abscissa with the design CBR value for the subbase,
20. The chart is used in the same manner as described in "a" above, i.e., vertical projection to aircraft gross weight,
horizontal projection to annual departures, and vertical projection to lower abscissa. In this example the thickness
obtained is 9.5 inches (241 mm). This means that the combined thickness of hot mix asphalt surface and base course
needed over a 20 CBR subbase is 9.5 inches (241 mm), thus leaving a subbase thickness of 23 - 9.5 = 13.5 inches (343
mm).

c. Thickness of Hot Mix Asphalt Surface. As indicated by the note in Figure 3-3, the thickness of hot
mix asphalt surface for critical areas is 4 inches (100 mm) and for noncritical, 3 inches (76 mm).

d. Thickness of Base Course. The thickness of base course can be computed by subtracting the
thickness of hot mix asphalt surface from the combined thickness of surface and base determined in "b" above; in this
example 9.5 - 4.0 = 5.5 (150 mm) of base course. The thickness of base course thus calculated should be compared with
the minimum base course thickness required as shown in Table 3-4. Note that the minimum base course thickness is 6
inches (150 mm) from Table 3-4. Therefore the minimum base course thickness from Table 3-4, 6 inches (152 mm),
would control. If the minimum base course thickness from Table 3-4 had been less than the calculated thickness, the
calculated thickness would have controlled. Note also that use of Item P-208, Aggregate Base Course, as base course is
not permissible since the weight of the design aircraft exceeds 60,000 1bs. (27 000 kg).

e. Thickness of Noncritical Areas. The total pavement thickness for noncritical areas is obtained by
taking 0.9 of the critical pavement base and subbase thicknesses plus the required hot mix asphalt surface thickness given
on the design charts. For the thinned edge portion of the critical and noncritical pavements, the 0.7T factor applies only
to the base course because the subbase should allow for transverse drainage. The transition section and surface course
requirements are as noted in Figure 3-1.

f. Summary. The thickness calculated in the above paragraphs should be rounded off to even
increments as discussed in paragraph 318. If conditions for detrimental frost action exist, another analysis is required.
The final design thicknesses for this example would be as follows:

THICKNESS REQUIREMENTS
Critical Non-Critical Edge

v in. (mm) in. (mm) in. (mm)
Hot Mix Asphalt Surface 4 (100) 3 (75) 2 (50)
(P-209 Base)
Base Course 6 (200) 5 (125) 4 (100)
(P-209, or P-211)
Subbase Course 14 (355) 13 (330) 10 (255)
(P-154)
Transverse Drainage 0 (0) 3 (75 8 (205)
Course
(if needed)
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320. STABILIZED BASE AND SUBBASE. Stabilized base and subbase courses are necessary for new pavements
designed to accommodate jet aircraft weighing 100,000 pounds (45 350 kg) or more. These stabilized courses may be
substituted for granular courses using the equivalency factors discussed in paragraph 322. These equivalency factors are
based on research studies which measured pavement performance. See FAA Report No. FAA-RD-73-198, Volumes I,
II, and III. Comparative Performance of Structural Layers in Pavement Systems. See Appendix 3. A range of
equivalency factors is given because the factor is sensitive to a number of variables such as layer thickness, stabilizing
agent type and quantity, location of stabilized layer in the pavement structure, etc. Exceptions to the policy requiring
stabilized base and subbase may be made on the basis of superior materials being available, such as 100 percent crushed,
hard, closely graded stone. These materials should exhibit a remolded soaked CBR minimum of 100 for base and 35 for
subbase. In areas subject to frost penetration, the materials should meet permeability and nonfrost susceptibility tests in
addition to the CBR requirements. Other exceptions to the policy requiring stabilized base and subbase should be based
on proven performance of a granular material such as lime rock in the State of Florida. Proven performance in this
instance means a history of satisfactory airport pavements using the materials. This history of satisfactory performance
should be under aircraft loadings and climatic conditions comparable to those anticipated.

321. SUBBASE AND BASE EQUIVALENCY FACTORS. It is sometimes advantageous to substitute higher
quality materials for subbase and base course than the standard FAA subbase and base material. The structural benefits
of using a higher quality material is expressed in the form of equivalency factors. Equivalency factors indicate the
substitution thickness ratios applicable to various higher quality layers. Stabilized subbase and base courses are designed
in this way. Note that substitution of lesser quality materials for higher quality materials, regardless of thickness, is not
permitted. The designer is reminded that even though structural considerations for flexible pavements with high quality
subbase and base may result in thinner flexible pavements; frost effects must still be considered and could require
thicknesses greater than the thickness for structural considerations.

a. Minimum Total Pavement Thickness. The minimum total pavement thickness calculated, after all
substitutions and equivalencies have been made, should not be less than the total pavement thickness required by a 20
CBR subgrade on the appropriate design curve.

b. Granular Subbase. The FAA standard for granular subbase is Item P-154, Subbase Course. In some
instances it may be advantageous to utilize nonstabilized granular material of higher quality than P-154 as subbase
course. Since these materials possess higher strength than P-154, equivalency factor ranges are established whereby a
lesser thickness of high quality granular may be used in lieu of the required thickness of P-154. In developing the
equivalency factors the standard granular subbase course, P-154, was used as the basis. Thicknesses computed from the
design curves assume P-154 will be used as the subbase. If a granular material of higher quality is substituted for Item P-
154, the thickness of the higher quality layer should be less than P-154. The lesser thickness is computed by dividing the
required thickness of granular subbase, P-154, by the appropriate equivalency factor. In establishing the equivalency
factors the CBR of the standard granular subbase, P-154, was assumed to be 20. The equivalency factor ranges are given
below in Table 3-6:

TABLE 3-6. RECOMMENDED EQUIVALENCY FACTOR
RANGES FOR HIGH QUALITY GRANULAR SUBBASE

Material Equivalency Factor Range
P-208, Aggregate Base Course 1.0-1.5
P-209, Crushed Aggregate Base Course 1.2-1.8
P-211, Lime Rock Base Course 1.0-1.5

51



AC 150/5320-6D 7/7/95

c. Stabilized Subbase. Stabilized subbases also offer considerably higher strength to the pavement than
P-154. Recommended equivalency factors associated with stabilized subbase are presented in Table 3-7.

TABLE 3-7. RECOMMENDED EQU'VALENCY FACTOR
RANGES FOR STABILIZED SUBBASE

Material Equivalency Factor Range
P-301, Soil Cement Base Course 1.0-1.5
P-304, Cement Treated Base Course 1.6-23
P-306, Econocrete Subbase Course 1.6-23
P-401, Plant Mix Bituminous Pavements 1.7-2.3

d. Granular Base. The FAA standard for granular base is Item P-209, Crushed Aggregate Base Course.
In some instances it may be advantageous to utilize other nonstabilized granular material as base course. Other materials
acceptable for use as granular base course are as follows:

TABLE 3-8. RECOMMENDED EQUIVALENCY FACTOR RANGES

FOR GRANULAR BASE
Material Equivalency Factor Range
P-208, Aggregate Base Course 1.0!
P-211, Lime Rock Base Course 1.0

'Substitution of P-208 for P-209 is permissible only if the gross weight of the
design aircraft is 60,000 Ibs (27 000 kg) or less. In addition, if P-208 is
substituted for P-209, the required thickness of hot mix asphalt surfacing shown
on the design curves should be increased 1 inch (25 mm).

e. Stabilized Base. Stabilized base courses offer structural benefits to a flexible pavement in much the
same manner as stabilized subbase. The benefits are expressed as equivalency factors similar to those shown for
stabilized subbase. In developing the equivalency factors Item P-209, Crushed Aggregate Base Course, with an assumed
CBR of 80 was used as the basis for comparison. The thickness of stabilized base is computed by dividing the granular
base course thickness requirement by the appropriate equivalency factor. The equivalency factor ranges are given below
in Table 3-9. Ranges of equivalency factors are shown rather than single values since variations in the quality of
materials, construction techniques, and control can influence the equivalency factor. In the selection of equivalency
factors, consideration should be given to the traffic using the pavement, total pavement thickness, and the thickness of
the individual layer. For example, a thin layer in a pavement structure subjected to heavy loads spread over large areas
will result in an equivalency factor near the low end of the range. Conversely, light loads on thick layers will call for
equivalency factors near the upper end of the ranges.

TABLE 3-9. RECOMMENDED EQUIVALENCY FACTOR RANGES

FOR STABILIZED BASE
Material Equivalency Factor Range
P-304, Cement Treated Base Course 1.2-1.6
P-306, Econocrete Subbase Course 1.2-1.6
P-401, Plant Mix Bituminous Pavements 1.2-1.6

Note: Reflection cracking may be encountered when P-304 or P-306 is used as
base for a flexible pavement. The thickness of the hot mix asphalt surfacing
course should be at least 4 inches (100 mm) to minimize reflection cracking in
these instances.
f. Example. As an example of the use of equivalency factors, assume a flexible pavement is required to
serve a design aircraft weighing 300,000 pounds (91 000 kg) with a dual tandem gear. The equivalent annual departures
are 15,000. The design CBR for the subgrade is 7. Item P-401 will be used for the base course and the subbase course.
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1 Total Pavement Thickness Unstabilized. Enter Figure 3-4 with the subgrade CBR value of
7 and read a total pavement thickness of 37.5 inches (953 mm). This thickness includes surfacing, granular base (P-209)
and granular subbase (P-154)

: 2) Thickness of Base and Surface Unstabilized. Re-enter Figure 3-4 with the assumed
subbase CBR (P-154) of 20 (see paragraph 321 b.) and read a thickness of 17.0 inches (432 mm). This thickness
includes surfacing and granular base (P-209). The note on Figure 3-4 states that the thickness of surfacing for critical
areas is 4 inches (100 mm).

A3) Unstabilized Section. The unstabilized section would thus consist of 4 inches (100 mm) of
surfacing, 13 inches (330 mm) of granular base (P-209) and 20 1/2 inches (520 mm) of granular subbase (P-154).

©)] Stabilized Base Thickness. Assume the equivalency factor for P-401 base material to be 1.4.
The required thickness of stabilized base is determined by dividing the thickness of granular base calculated in step (3)
above by the equivalency factor. In this example 13 inches (330 mm) would be divided by 1.4 yielding 9 inches (230
mm).

5) Stabilized Subbase Thickness. Referring to Table 3-6, assume the equivalency factor for
P-401 used as subbase is 2.0. Divide the thickness of granular subbase 20 1/2 inches (520 mm) by 2.0 which yields 10
inches (255 mm) of P-401 subbase.

6) Stabilized Section. The stabilized section would be 4 inches (100 mm) of surfacing, 9 inches
(230 mm) of stabilized base (P-401) and 10 inches (255 mm) of stabilized subbase (P-401).

@) Check Minimum Thickness. The total pavement thickness given above 4 + 9 + 10 =23
inches (585 mm) is then compared to the total pavement thickness required for a CBR of 20. This was done in step )
above and gave a thickness of 17.0 inches (430 mm). Since the calculated thickness of 23 inches (585 mm) is larger than
the CBR=20 minimum thickness of 17 inches (430 mm), the design is adequate. Had the CBR=20 thickness exceeded
the calculated thickness, the subbase thickness would have been increased to make up the difference.

322. FULL-DEPTH ASPHALT PAVEMENTS. Full-depth asphalt pavements contain asphaltic cement in all
components above the prepared subgrade. The design of full-depth asphalt pavements can be accomplished using the
equivalency factors presented in paragraph 321 and illustrated in paragraph 321f. Manual Series No. 11 prepared by the
Asphalt Institute, dated January 1973, can also be used to design full-depth asphalt pavements when approved by the
FAA.

323. FROST EFFECTS. Frost protection should be provided in areas where conditions conductive to detrimental
frost action exist. Levels of frost protection are given in paragraph 308b of this document. Frost considerations may
result in thicker subbase courses than the thicknesses needed for structural support.

a. Example. An example of pavement design for seasonal frost follows. Assume the same design
conditions as in paragraph 321f above.

) Structural Requirements. The structural requirements for the example are: 4 inches (100
mm) of surfacing, 9 inches (230 mm) of stabilized base, and 10 inches (255 mm) of stabilized subbase. This section
provides a total pavement thickness of 23 inches (585 mm).

2) Determine Soil Frost Group. Assume the subgrade soil is a clayey sand SC with 10% of the
material finer than 0.02 mm. The unit dry weight of the subgrade soil is 115 pcf (184 kg/cu m). The soil frost group is
found in Table 2-4 and in this example is FG-2.

(€)] Determine the Depth of Frost Penetration. The design air freezing index for the area is
350 degree days. Referring to figure 2-6 the depth of frost penetration is found to be 28 inches.
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C)) Types of Frost protection. Several levels of frost protection are possible as follows:

@) Complete Frost Protection. Complete frost protection would require the pavement
section be increased from 23 inches (585 mm) to 28 inches (710 mm). This would require placing 5 inches (125 mm) of
nonfrost susceptible material beneath the structural section.

(ii) Limited Frost Protection. Limited subgrade frost penetration provides nonfrost
susceptible material to a depth of 65% of the depth of frost penetration. In this example, 65% of 28 inches (710 mm)
equals 18 inches (460 mm). Since the structural design section provides a total pavement thickness of 23 inches (585
mm), no further protection is required. The structural section provides more than enough protection to satisfy the limited
subgrade frost penetration requirements.

(iii) Reduced Subgrade Strength. The reduced subgrade strength rating for an FG-2
soil is found in paragraph 308a.(3) and is a CBR of 7. Since the design CBR used in the example was 7, the structural
design is adequate for the reduced subgrade strength method of frost protection. As has been previously mentioned, this
method is intended to provide adequate structural support when the frost is melting.

S) Summary. In summary, for areas sensitive to pavement heave due to frost action the
complete protection method should be used. This would add 4 inches (100 mm) of nonfrost susceptible material to the
structural section. In areas where some degree of pavement heave due to frost action can be tolerated, the structural
section will be adequate. The same is true for providing structural support during periods of frost melting, i.e. the
structural section is adequate.
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SECTION 3. RIGID PAVEMENT DESIGN

324. GENERAL. Rigid pavements for airports are composed of portland cement concrete placed on a granular or
treated subbase course that is supported on a compacted subgrade. Under certain conditions, a subbase is not required,
see paragraph 326.

325. CONCRETE PAVEMENT. The concrete surface must provide a nonskid surface, prevent the infiltration of
surface water, and provide structural support to the Item P-501, Cement Concrete Pavement.

326. SUBBASE. The purpose of a subbase under a rigid pavement is to provide uniform stable support for the
pavement slabs. A minimum thickness of 4 inches (100 mm) of subbase is required under all rigid pavements, except as
shown in Table 3-10 below:

TABLE 3-10. CONDITIONS WHERE NO SUBBASE IS REQUIRED

Soil Good Drainage Poor Drainage
Classification

No Frost Frost No Frost Frost
GW X X X X
GP X X X
GM X
GC X
SW X

Note: X indicates conditions where no subbase is required.

327. SUBBASE QUALITY. The standard FAA subbase for rigid pavements is 4 inches (100 mm) of Item P-154,
Subbase Course. In some instances it may be desirable to use higher quality materials or thicknesses of P-154 greater
than 4 inches (100 mm). The following materials are acceptable for use as subbase under rigid pavements:

Item P-154 - Subbase Course

Item P-208 - Aggregate Base Course

Item P-209 - Crushed Aggregate Base Course
Item P-211 - Lime Rock Base Course

Item P-304 - Cement Treated Base Course
Item P-306 - Econocrete Subbase Course

Item P-401 - Plant Mix Bituminous Pavements

Materials of higher quality than P-154 and/or greater thicknesses of subbase are considered in the design process through
the foundation modulus (k value). The costs of providing the additional thickness or higher quality subbase should be
weighed against the savings in concrete thickness.

328. STABILIZED SUBBASE. Stabilized subbase is required for all new rigid pavements designed to
accommodate aircraft weighing 100,000 pounds (45 400 kg) or more. Stabilized subbases are as follows:

Item P-304 - Cement Treated Base Course
Item P-306 - Econocrete Subbase Course
Item P-401 - Plant Mix Bituminous Pavements

The structural benefit imparted to a pavement section by a stabilized subbase is reflected in the modulus of subgrade
reaction assigned to the foundation. Exceptions to the policy of using stabilized subbase are the same as given in
paragraph 320. ’

329. SUBGRADE. The subgrade materials under a rigid pavement should be compacted to provide adequate

stability and uniform support as with flexible pavement; however, the compaction requirements for rigid pavements are
not as stringent as flexible pavement due to the relatively lower subgrade stress. For cohesive soils used in fill sections,

55



AC 150/5320-6D 7/7/95

the entire fill shall be compacted to 90 percent maximum density. For cohesive soils in cut sections, the top 6 inches (150
mm) of the subgrade shall be compacted to 90 percent maximum density. For noncohesive soils used in fill sections, the
top 6 inches (150 mm) of fill shall be compacted to 100 percent maximum density, and the remainder of the fill shall be
compacted to 95 percent maximum density. For cut sections in noncohesive soils, the top 6 inches (150 mm) of
subgrade shall be compacted to 100 percent maximum density and the next 18 inches (460 mm) of subgrade shall be
compacted to 95 percent maximum density. Swelling soils will require special considerations. Paragraph 314 contains
guidance on the identification and treatment of swelling soils. ‘

a. Contamination. In rigid pavement systems, repeated loading may cause intermixing of soft subgrade soils
and aggregate base or subbase. This mixing may create voids below the pavement in which moisture can accumulate
causing a pumping situation to occur. Chemical and mechanical stabilization of the subbase or subgrade can be
effectively used to reduce aggregate contamination (refer to Section 207). Geotextiles have been found to be effective at
providing separation between fine-grained subgrade soils and pavement aggregates (FHWA-90-001) (see Appendix 4).
Geotextiles should be considered for separation between fine-grained soils and overlying pavement aggregates. In this
application, the geotextile is not considered to act as a structural element within the pavement. Therefore, the modulus
of the base or subbase is not considered to be increased when a geotextile is used for stabilization. For separation
applications, the geotextile is designed based on survivability properties. Refer to FHWA-90-001 (see Appendix 4) for
additional information regarding design and construction using separation geotextiles.

330. DETERMINATION OF FOUNDATION MODULUS (k VALUE) FOR RIGID PAVEMENT. In addition
to the soils survey and analysis and classification of subgrade conditions, the determination of the foundation modulus is
required for rigid pavement design. The foundation modulus (k value) should be assigned to the material directly
beneath the concrete pavement. However, it is recommended that a k value be established for the subgrade and then
corrected to account for the effects of subbase.

a. Determination of k Value for Subgrade. The preferred method of determining the subgrade
modulus is by testing a limited section of embankment which has been constructed to the required specifications. The
plate bearing test procedures are given in AASHTO T 222, Nonrepetitive Static Plate Load Test of Soils and Flexible
Pavement Components, for Use in Evaluation and Design of Airport and Highway Pavements. If the construction and
testing of a test section of embankment is impractical, the values listed in Table 2-3 may be used. The designer is
cautioned that the values in Table 2-3 are approximate and engineering judgment should be used in selecting a design
value. Fortunately, rigid pavement is not too sensitive to k value and an error in estimating k will not have a large impact
on rigid pavement thickness.

b. Determination of k Value for Granular Subbase. The determination of a foundation modulus on
top of a subbase by testing is usually not practical, at least in the design phase. Usually, the embankment and subbase
will not be in place in time to perform any field tests. The assignment of a k value will have to be done without the
benefit of testing. The probable increase in k value associated with various thicknesses of different subbase materials is
shown in Figures 2-5a and 2-5b. Figure 2-5a is intended for use when the subbase is composed of well graded crushed
aggregate such as P-209. Figure 2-5b applies to bank-run sand and gravel such as P-154. These curves apply to
unstabilized granular materials. Values shown in Figures 2-5a and 2-5b are considered guides and may be tempered by
local experience.

c Determination of k Value for Stabilized Subbase. As with granular subbase, the effect of stabilized
subbase is reflected in the foundation modulus. Figure 3-16 shows the probable increase in k value with various
thicknesses of stabilized subbase located on subgrades of varying moduli. Figure 3-16 is applicable to cement stabilized
(P-304) Econocrete (P-306), and bituminous stabilized (P-401) layers. Figure 3-16 was developed by assuming a
stabilized layer is twice as effective as well-graded crushed aggregate in increasing the subgrade modulus. Stabilized
layers of lesser quality than P-304, P-306 or P-401 should be assigned somewhat lower k values. After a k value is
assigned to the stabilized subbase, the design procedure is the same as described in paragraph 331.
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331. DETERMINATION OF CONCRETE SLAB THICKNESS. Design curves have been prepared for rigid
pavements similar to those for flexible pavements; i.e., separate curves for a variety of landing gear types and aircraft.
See Figures 3-17 through 3-29. These curves are based on a jointed edge loading assumption where the load is located
either tangent or perpendicular to the joint. Use of the design curves requires four design input parameters: concrete
flexural strength, subgrade modulus, gross weight of the design aircraft, and annual departure of the design aircraft. The
rigid pavement design curves indicate the thickness of concrete only. Thicknesses of other components of the rigid
pavement structure must be determined separately.

a. Concrete Flexural Strength. The required thickness of concrete pavement is related to the strength
of the concrete used in the pavement. Concrete strength is assessed by the flexural strength, as the primary action of a
concrete pavement slab is flexure. Concrete flexural strength should be determined by ASTM C 78 test method. The
design flexural strength of the concrete should be based on the age and strength the concrete will be required to have
when it is scheduled to be opened to traffic.

b. k Value. The k value is in effect, a spring constant for the material supporting the rigid pavement and
is indicative of the bearing capacity of the supporting material.

c. Gross Weight of Design Aircraft. The gross weight of the design aircraft is shown on each design
curve. The design curves are grouped in accordance with either main landing gear assembly type or as separate curves
for individual aircraft. A wide range of gross weights is shown on all curves to assist in any interpolations which may be
required. In all cases, the range of gross weights shown is adequate to cover weights of the aircraft represented.

d. Annual Departures of Design Aircraft. The fourth input parameter is annual departures of the
design aircraft. The departures should be computed using the procedure explained in paragraph 305.

332.  USE OF DESIGN CURVES.

a. Rigid Pavement Design Curves. The rigid pavement design curves are constructed such that the
design inputs are entered in the same order as they are discussed in paragraph 331. Dashed "chase around lines" are
shown on the curves to indicate the order of progression through the curves. Concrete flexural strength is the first input.
The left ordinate of the design curve is entered with concrete flexural strength. A horizontal projection is made until it
intersects with the appropriate foundation modulus line. A vertical projection is made from the intersection point to the
appropriate gross weight of the design aircraft. A horizontal projection is made to the right ordinate showing annual
departures. The pavement thickness is read from the appropriate annual departure line. The pavement thickness shown
refers to the thickness of the concrete pavement only, exclusive of the subbase. This thickness is that shown as "T" in
Figure 3-1, referred to as the critical thickness.

b. Optional Design Curves. When aircraft loadings are applied to a jointed edge, the angle of the
landing gear relative to the jointed edge influences the magnitude of the stress in the slab. Single wheel and dual wheel
landing gear assemblies produce the maximum stress when the gear is located parallel or perpendicular to the joint. Dual
tandem assemblies often produce the maximum stress when positioned at an acute angle to the jointed edge. Figures
3-30 through 3-41, have been prepared for dual tandem gears located tangent to the jointed edge but rotated to the angle
causing the maximum stress. These design curves can be used to design pavement in areas where aircraft are likely to
cross the pavement joints at acute angles such as runway holding aprons, runway ends, runway-taxiway intersections,
aprons, etc. Use of Figures 3-30 through 3-41 is optional and should only be applied in areas where aircraft are likely to
cross pavement joints at an acute angle and at low speeds.

333. CRITICAL AND NONCRITICAL AREAS. The design curves, Figures 3-17 through 3-41, are used to
determine the concrete slab thickness for the critical pavement areas shown as "T" in Figure 3-1. The 0.9T thickness for
noncritical areas applies to the concrete slab thickness. For the variable thickness section of the thinned edge and
transition section, the reduction applies to the concrete slab thickness. The change in thickness for the transitions should
be accomplished over an entire slab length or width. In areas of variable slab thickness, the subbase thickness must be
adjusted as necessary to provide surface drainage from the entire subgrade surface. For fractions of an inch of 0.5 or
more, use the next higher whole number; for less than 0.5, use the next lower number.
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334. DESIGN EXAMPLE. As an example of the use of the design curves, assume that a rigid pavement is to be
designed for dual tandem aircraft having a gross weight of 350,000 pounds (160 000 kg) and for 6,000 annual equivalent
departures of the design aircraft. The equivalent annual departures of 6,000 include 1,200 annual departures of B-747
aircraft weighing 780,000 pounds (350 000 kg) gross weight. The subgrade modulus of 100 PCI (25 MN/m?®) with poor
drainage and frost penetration is 18 inches (460 mm). The feature to be designed is a primary runway and requires 100
percent frost protection. The subgrade soil is CL. Concrete mix designs indicate a flexural strength of 650 PSI (4.5
MN/m?) can be readily produced with locally available aggregates. The gross weight of the design aircraft dictates the
use of a stabilized subbase. Several thicknesses of stabilized subbases should be tried to determine the most economical
section. Assume a stabilized subbase of P-304 will be used. Try a subbase thickness of 6 inches (150 mm). Using
Figure 3-16, a 6-inch (150 mm) thickness of P-304 would likely increase the foundation modulus from 100 PCI (25
MN/m®) to 210 PCI (57 MN/m®). Using Figure 3-19, dual tandem design curve, with the assumed design data, yields a
concrete pavement thickness of 16.6 inches (422 mm). This thickness would be rounded off to 17 inches (430 mm).
Since the frost penetration is only 18 inches (460 mm) and the combined thickness of concrete pavement and stabilized.
subbase is 23 inches (585 mm), no further frost protection is needed. Even though the wide body aircraft did not control
the thickness of the slab, the wide bodies would have to be considered in the establishment of jointing requirements and
design of drainage structures. Other stabilized subbase thicknesses should be tried to determine the most economical
section.

335.  FROST EFFECTS. As with flexible pavements, frost protection should be provided for rigid pavements in
areas where conditions conducive to detrimental frost action exist. Frost protection considerations for rigid pavements
are similar to those for flexible pavements. The determination of the depth of frost protection required is given in
paragraph 308.b. Local experience may be used to refine the calculations. ‘

a. Example. Assume the above design example is for a primary runway and requires complete frost
protection. The subgrade soil is CL, weighing 115 lbs/cu ft (184 kg/cu m). The design freezing index is 500 degree
days. Referring to Figure 2-6 shows the depth of frost penetration to be 34 inches (865 mm). The structural
considerations yield a 23 inch (585 mm) thickness of non-frost susceptible material. Since the frost penetration is only
18 inches (460 mm) and the combined thickness of concrete pavement and stabilized subbase is 23 inches (585 mm), no
further frost protection is needed. Even though the wide body aircraft did not control the thickness of the slab, the wide
bodies would have to be considered in the establishment of jointing requirements and design of drainage structures.
Other stabilized subbase thicknesses should be tried to determine the most economical section.

(0] Complete Frost Protection. The complete frost protection method applies only to FG-3 and
FG-4 soils which are extremely variable in horizontal extent. These soil deposits are characterized by very large,
frequent, and abrupt changes in frost heave potential. The variability is such that the use of transition sections is not
practical.

2) Limited Subgrade Frost Penetration. This design method should be used for FG-4 soils
except where the conditions require complete protection, see (1) above. The method also applies to soils in frost groups
FG-1, FG-2, and FG-3 when the functional requirements of the pavement permit a minor amount of frost heave.
Consideration should be given to using transition sections where horizontal variability of frost heave potential permits.

©)) Reduced Subgrade Strength. The reduced subgrade strength method is recommended for
FG-1, FG-2, and FG-3 subgrades which are uniform in horizontal extent or where the functional requirements of the
pavement will permit some degree of frost heave. the method may also be used for variable FG-1 through FG-3
subgrades for less sensitive pavements which are subject to slow speed traffic and heave can be tolerated.

336.  HIGH TRAFFIC VOLUMES. There are a number of airports which experience traffic intensities in excess of
those indicated on the design curves. Pavement maintenance is difficult and costly at high activity airports due to traffic
intensity and the potential for aircraft delays. Performance of airport pavements under high traffic intensities has been
reported in FAA-PM-84/14 (see Appendix 4). Rigid pavement designed to serve in situations where traffic intensity is
high should reflect the following considerations.

a. Foundation. The foundation for the pavement provides the ultimate support to the structure. Every

effort should be made to provide a stable foundation as problems arising later from an inadequate foundation cannot be
practicably corrected after the pavement is constructed. The use of stabilized subbase will aid greatly in providing a
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uniform, stable foundation.

b. Thickness. Pavements subjected to traffic intensities greater than the 25,000 annual departure level
shown on the design curves will require more thickness to accommodate the traffic volume. Additional thickness can be
provided by increasing the pavement thickness in accordance with Table 3-5.

c. Panel Size. Slab panels should be constructed to minimize joint movement. Panel sizes given in
paragraph 336 should be selected conservatively. Small joint movement tends to provide for better load transfer across
joints and reduces the elongation the joint sealant materials must accommodate when the slabs expand and contract.
High quality joint sealants should be specified to provide the best possible performance.

337. JOINTING OF CONCRETE PAVEMENTS. Variations in temperature and moisture content can cause
volume changes and slab warping resulting in significant stresses. In order to reduce the detrimental effects of these
stresses and to minimize random cracking, it is necessary to divide the pavement into a series of slabs of predetermined
dimensions by means of joints. These slabs should be as nearly square as possible when no reinforcement is used.

a. Joint Categories. Pavement joints are categorized according to the function which the joint is
intended to perform. The categories are expansion, contraction, and construction joints. All joints, regardless of type,
should be finished in a manner which permits the joint to be sealed. Pavement joint details are shown in Figure 3-42 and
are summarized in Table 3-10. These various joints are described as follows:

1) Expansion Joints. The function of an expansion joint is to isolate intersecting pavements
and to isolate structures from the pavement. There are two types of expansion joints.

) Type A. Type A is used when load transfer across the joint is required. This joint
contains a 3/4-inch (19 mm) nonextruding compressible material and is provided with dowel bars for load transfer.

(i) Type B. Type B is used when conditions preclude the use of load transfer devices
which span across the joint, such as where the pavement abuts a structure or where horizontal differences in movement of
the pavements may occur. These joints are formed by increasing the thickness of the pavement along the edge of slab.

No dowel bars are provided.

2 Contraction Joints. The function of contraction joints is to provide controlled cracking of
the pavement when the pavement contracts due to decrease in moisture content, or a temperature drop. Contraction
joints also decrease stresses caused by slab warping. Details for contraction joints are shown as Types F, G, and H, in
Figure 3-42. ’

A3 Construction Joints. Construction joints are required when two abutting slabs are placed at
different times such as at the end of a day's placement, or between paving lanes. Details for construction joints are
shown as Types C, D, and E in Figure 3-42.

b. Joint Spacing.

1 Without Stabilized Subbase. A rule-of-thumb for joint spacing given by the Portland
Cement Association is applica<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>